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Abstract

This research was undertaken to explore productivity

measuremer. in aircraft maintenance units and to examine the

relatior iipa of the measures used to evaluate a unit's

productivity. Review of current literature and regulatory

guidance concerning produetivity measurement provided the

basis for the development of an interview questionnaire. A

questionnaire was administered to DCMs and chiefs of

analysis at ten MAC wings. Additionally, managers in the

maintenance management, cost and manpower divisions at

headquarters MAC were interviewed. From these interviews,

information concerning current productivity measurement

methodology was gathered and thirteen measures were

identified for analysis. Of the thirteen measures

evaluated, eight produced the strongest explainable model

reflecting maintenance productivity. Manhours per flying

hour was the predominant output when viewed as a result of

the influence of mission capable rates and maintenance

scheduling effectiveness. Cannibalization rates, delayed

* discrepancies (both awaiting parts and awaiting maintenance)

and the average number of aircraft possessed were the inputs

which appeared to contribute most significantly to mission

capable rates and maintenance scheduling effectiveness.
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PRODUCTIVITY MEASUREMENT

IN AIRCRAFT MAINTENANCE ORGANIZATIONS

I. Introduction

General Issue

"Our productivity is the wonder of the world." This

remark was made by President Dwight Eisenhower during his

inaugural address, January 20, 1959. In the late 1950's the

United States was indeed the world's industrial leader. We

had vanquished the powers of totalitarianism in the second

World War and successfully defended the first open challenge

of communism to a democratic nation in Korea. Labor

productivity growth was material and consistent. From the

end of World War II until the mid 60's national labor

productivity, in terms of the percentage of the populace

employed and the gross national product, progressed at an

annual average rate of 3.2%. However, the national growth

rate slowed dramatically after 1965 and during the decade

of the seventies with the average advance barely exceeding

k one percent. Productivity appeared to reach the worst

point in the years between 1978 and 1982 when labor

productivity actually deteriorated by an average of 0.2% per

year. Although we experienced a slight comeback in the



80's, compared to other industrialized nations, the U.S. has

not fared well (1:4-7).

Our labor productivity rate has been exceeded by virtually

every other industrialized country in the world. With the

current federal budget deficits of over 200 billion dollars,

many economists are forecasting a major economic recession

in the 1990's (2:35).

The economic outlook is not good for the U. S.

Meanwhile the world is on the threshold of epic change.

Eastern Europe is moving rapidly towards increased

democratization as the Soviet empire is crumbling in the

face of economic reality. The perception of a greatly

reduced threat to national security has Congress demanding a

smaller piece of the budget for Defense. Consequently, the

Department of Defense is scrambling to salvage a viable

defense plan in the face of a resounding claim by

entitlement minded congressmen for the so-called "peace

dividend" (3:43).

Air Force Secretary Donald B. Rice, during an interview

conducted in the early part of 1990, suggested that the Air

Force of the 1990's would be substantially smaller. The

Secretary also pointed out that the U.S. has always

maintained a clear advantage in the air war and remarked,

"we don't want to contemplate" fighting under any other

condition (4:12). Because of the reality of economic

constraints, productivity is a major concern to the Air

2



Force, the DoD and the United States as a whole. In public
organizations, productivity improvement has become

increasingly important as the demand for quality services

has increased faster than the tax revenues that support

them. Many methods to enhance productivity have been

examined, but little progress has been made. The absence of

a widely accepted definition of productivity and specific

measurement criteria has greatly frustrated the effort

(5:5).

Problem Statement

Productivity in general, and specifically in service

organizations is difficult to define. Therefore, measuring

productivity is equally difficult. The Air Force has

implemented Department of Defense productivity enhancement

initiatives; however, it is unclear how performance efforts

are affected by these initiatives.

Justification

Executive Order 12552, Productivity Improvement

Program For The Federal Government, establishes a

government wide program to improve the quality, timeliness,

and efficiency of government services. President Reagan set

a goal of a 20% productivity increase by 1992 (6:1). Air

Force Regulation 25-3 reflects the attempt by the Department

of the Air Force to support this goal. One of the

objectives of the Productivity Enhancement Program, as

3



outlined by this regulation, is to provide productivity data

for use by functional managers at all organizational levels

(7:2).

Aircraft maintenance is the most manpower intensive

activity in the U. S. Air Force. It is the largest facet of

logistics in terms of money, manpower, facilities or any

other resource one might consider (8:17.23). Therefore,

productivity measurement in aircraft maintenance is of

extreme importance. In order to ensure achievement of the

Air Force productivity goals the reliability and validity of

productivity measures in aircraft maintenance organizations

must be evaluated.

Research ObJectives

-Explore productivity measurement in United States Air

Force aircraft maintenance organizations in order to:

1) Identify the measurement methods in use.

2) Understand the relationohips among the various

productivity measures.

3) Evaluate the effect of maintenance productivity

measurement on the accomplishment of Air Force

productivity objectives.

Research Questions

1) Are aircraft maintenance managers familiar with the Air

Force guidance concerning productivity measurement?

4



2) What methods of productivity measurement have been

specified by regulation for aircraft maintenance

organizations?

43) Which of the specified methods of productivity

measurement are actually implemented?

4) Are there methods of productivity measurement used by

aircraft maintenance organizations other than those

specified by regulation?

5) What are the nature and strengths of the relationships

among the measures implemented by aircraft maintenance

organizations?

6) Of the measures implemented by aircraft maintenance

organizations, which contribute moat significantly to

explaining maintenance productivity?

Scope and Limitations

The scope of this research is limited to the Military

Airlift Command's aircraft maintenance organizations. The

following limitations apply to this research:

a) Various results may not apply to commands outside

the scope of this project.

b) The complexity of the construct of "productivity"

may confound the data based on differences in perceptions of

those being interviewed, because the research itself is

largely concerned with clarifying that very construct.

5



c) Interview input is limited to three areas: Major

Command Division offices, wing level Deputy Commander's for

Maintenance and their maintenance data analysis offices.

d) Individual data values from the Consolidated

Aircraft Maintenance System for Airlift are subject to

errors in accuracy.

This introductory chapter discussed the importance of

productivity measurement in the DOD, the difficulty in

determining the reliability and validity of productivity

measurement data, the justification and scope of the

research, and the research questions to be examined and

answered.

Chapter Il, Background, describes the development of

productivity as a concept and a practical measure of

performance. The background chapter provides a basic

understanding of productivity in the context of history,

common definitions and emerging application in industry.

I
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II, Background

Before proceeding with an evaluation of productivity

measurement in any environment, it is necessary to have the

clearest possible understanding of productivity as a concept

and as a performance measurement in practice. A review of

industry related literature will equip the reader with a

knowledge base from which to begin to evaluate the

productivity measurement in a military environment. This

chapter provides background information concerning

productivity in the context of history, common definitions

and emerging applications in industry.

A historical perspective of productivity measurement

provides valuable insight into the relationship between

changes in the national socio-economic structure and the

changes in application of productivity measurement. Of

particular interest is the motivation behind the changes

that have occurred.

Examination of common definitions of productivity helps

to clarify the concept in view of the many different ways

the term is used. In this chapter productivity in defined

from the perspectives of the accountant, engineer, and

manager. A brief explanation of each definition is

presented to reinforce understanding and to exhibit

practical application.

'7



As with any area of study and application, new concepts

emerge over time. This chapter explores the most recent

conceptual changes in the area of productivity measurement.

The Total Quality Management (TQH) application of W. Edwards

Deming and the Theory of Constraints as developed by Eliyahu

Goldratt are examined. Deming's applications of TQM in

service organizations are of particular interest as are

Goldratt's views concerning efficiency and effectiveness.

Together, these concepts serve to enhance the knowledge base

used to examine productivity measurement as practiced by the

Department of Defense and to later use as an analysis tool

for qualitative evaluation.

Productivity - Historical Perspective

"Current management thinking can best be understood in

light of its historical development (9:2). Productivity as

a management concept has evolved concurrently with the major

trends in management. Although not specifically defined

until the early twentieth century, productivity has always

been a natural estimate of the success of a perceived

effort. Early philosophers such as Plato and Aristotle

taught many principles relating to management and the

concern for the effective use of resources (10:385). The

progression of management thought and its relation to the

development of the productivity concept may be divided into

8



four periods: (1) early influences, (2) scientific

management, (3) human relations, and (4) refinement and

synthesis.

-arln Influences. Mosaic law is among the earliest of

recorded history. It reflects an attempt to control the

behavior of the Jewish society and to instruct the people

concerning daily life. It could be said then, that the Ten

Commandments of the Bible were the first recorded management

principles. From the Ten Commandments, the Levitical law

developed specific instructions for success. The principle

was that as the people prospered individually they would

return a portion to God through his emissaries, the priests.

This served two purposes; to keep the effort focused on

pleasing God and to build the infrastructure of the society.

"Bring the whole tithe into the
storehouse, that there may be food in my
house. Test me in this," says the Lord
Almighty, "and see if I will not throw
open the floodgates of heaven and pour
out so much blessing that you will not
have room enough for it." (11:923)

The principle of increased blessing as a follow-on to

diligent effort is prevalent throughout the Bible. Early

philosophers sought to explain this principle in the absence

a of a God figure or to relate work and reward to man-centered

precepts. Aristotle's "Organon" of logic, translated by

Boethius (479-525 A.D.), became the basis for medieval

thought. Logic means the art and method of correct thinking

(12:1'.6) The logician investigates the evidence of a

9



relation between premises and conclusions in arguments. If

the conclusion follows from, or is implied by the premise,

the reasoning is correct; otherwise, it is incorrect (13:5).

It soon became universally accepted that a productive

society was one which worked hard and managed its resources

correctly. The methods by which this was achieved varied

greatly; but, for the most part, the age prior to scientific

management was a period of tremendous extremes. The Roman

Empire, the Roman Catholic Church and the early feudal

system were examples of centralized management and the

dependence upon authority and, even force, to maintain a

productive society (14:617). The unifying thought of this

age was the logical premise that hard work brought reward on

earth and in heaven.

By the Fifteenth Century and with the development of

the merchant city states, trade prospered in Europe. In

order to defend the growing merchant fleets, naval fleets

also grew. In 1436, Venice opened its own shipyard for the

purpose of defense. The shipyard was known as the Arsenal;

and by the Sixteenth Century, the Arsenal of Venice was

probably the largest industrial plant in the world (15:78).

It was here that history first records the use of assembly

lines, standardization, warehousing, cost control and the

close supervision of personnel. Warehouses were arranged

along a canal so that the galleys could be brought to the

equipment. All rigging and deck equipment was standardized

10



so that few items had to be specially fitted. It was

necessary not only to build new shipst but to repair or

refit ships already in use. The Arsenal kept many items

war-thoused for this purpose. Personnel at the Arsenal were

closely supervised, particularly concerning working hours

and output. This close supervision along with the

development of an efficient system to track the cost of

inventory contributed to one of the most sophisticated

organizations of that era. The modern organization,

however, did not emerge until the late Eighteenth Century

and the period known as the Industrial Revolution (16:434-

442).

In the Sixteenth Century a period of tremendous change

began to sweep Europe. Reformation of the, then dominant,

Roman Catholic Church created an environment of new thinking

and forever changed the acceptance of domination based on

religious dogma. The advent of Protestantism and the

doctrines of Martin Luther and John Calvin placed an

emphasis on the freedom of man to seek God independent of

the church. Along with this freedom came a new sense of

nationalism in Europe and a new competitive spirit based on

the Calvinistic belief that one's election into the kingdom

of God was made sure by hard work. This belief is what has

become known as the Protestant work ethic (17:400-405).

Because of the Reformation, the cultural climate in

Europe favored the growth of commerce and industry. In

11



particular, the English government was especially open and

sensitive to the development of commerce. The English

social values favored achievement and profit-making. In

addition, England had ample supplies of coal and iron,

essential ingredients of the industrialized society

(18:115,117).

Before the development of the steam engine, England had

a number of small but thriving industries in such areas as

texLiles and iron products. The introduction of the steam

engine made it possible for the expansion of these

industries by lowering production costs. As the markets

expanded due to lower costs, there was a need for more

production, machines, workers, and more capital to finance

expansion. All these changes demanded new management

practices and larger organizations. This industrial growth

changed the culture in favor of expansion because of the

implied promise of prosperity. These cultural changes came

about as a result of the shift from home manufacturing to

large scale factory production - the Industrial Revolution

(19:41-45).

The Industrial Revolution continued and was transported

to the United States in the late Eighteenth Century. The

bountiful supply of raw materials and encouragement by the

new representative government fed the development of

industry and the need for more sophisticated forms of

management. The idea continued to be the transformation of

12



effort into reward. The development of interchangeable

parts by Eli Whitney for the manufacture of firearms and the

potential use of standardization to increase productive

capacity grew at an ever increasing rate and perhaps

culminated in the assembly line techniques developed by

Henry Ford in the early Twentieth Century (20:216-235).

Scientific Manamement. In the early Twentieth Century,

the United States was an industrial powerhouse. The

national attributes which so ably transferred the Industrial

Revolution from Europe continued to fuel the American

industrial machinery. The national prosperity brought with

it a re-examination of the concept of the nature of work and

the relationships between labor and management. A new

philQsophy of management became widely accepted. This

philosophy was based on the assumption that very few workers

could handle or even wanted a high degree of autonomy on

their jobs. Therefore, the simpler the task, the greater

the output--this was the philosophy that started the

Scientific Management Movement (21:93). Frederick Taylor is

considered by many to be the man responsible for scientific

management; although, in recent years his role has been

somewhat disputed (20:37). Nevertheless, Taylor's book,

"The Principles of Scientific Management," had a tremendous

effect on management thought of that day and it continues to

hold a very important place in management education.

13



It was Taylor and his contemporaries who first introduced

the term "productivity" as a word describing industrial

efficiency (22:312).

Taylor proposed that managers increase productivity by

using four basic scientific principles:

1. Developing a true science of management to

determine the most efficient method for performing

each task.

2. Selecting the workers carefully and

scientifically so that workers were given

responsibility for performing the tasks for which

they were best suited.

3. Educating and training workers scientifically to

.perform tasks in the best prescribed manner.

4. Arranging close cooperation between those who

plan the work and those who do it to assure that

all the work would be performed in strict

accordance with the principles derived from

scientific analysis.

Taylor believed that these principles would benefit the

organization and the workers.

Taylor's work was shop-oriented and included many

studies of methods to increase the output of individual

workers. He was criticized as being just another "time

study analyst" and this criticism led to his appearance

before a special United States House Comm * charged with

14



investigating the principles of the scientific management

school. Taylor defended his ideas as the beginning of a

mental revolution on the part of both workers and managers:

"The great revolution that takes place
in the mental attitude of the two
parties under scientific management is
that both sides take their eyes off the
division of the surplus as the all-
important matter, sad together turn
their attention toward increasing the
size of the surpljs until this surplus
becomes so large that it is unnecessary
to quarrel over how it shall be divided.
They come to see when they stop pulling
against one another, and instead both
turn and push shoulder to shoulder in
the same direction, the size of the
surplus created by their joint efforts
is truly outstanding." (23:63)

Taylor sought to eliminate the raw exercise of

authority by making managers subject to rules and discipline

as much as the workers. Management's job was to place the

right worker in the right job according to scientific

selection. Management "from the hip" gave way to the

science of each task.

Frank and Lillian Gilbreth made significant

contributions to scientific management in the fields of

motion and time study (22:44). Henry Gantt studied habits

in industry and developed improvements in Taylor's piece

rate system. Gantt also made a substantial contribution to

management planning and control processes through the

development of scheduling charts which related facts to

significant units of time (22:48). Harrington Emerson wrote

two important books on the subject of efficiency. His work

15



emphasized the importance of correct organization in the

effort to achieve high productivity. He set forth a number

of principles of efficiency which still apply (22:44-56).

With the growth of scientific management came the

development of administrative management. As a result of

greater efficiency in industry, organizations grew and

became more complex. Because of this great growth, the need

for an overall understanding of the management process

became apparent. Henry Fayol, a French industrialist became

one of the first and most prominent contributors to

administrative management thinking. Fayol analyzed the

manager's job in terms of universal commonalities. He

identified five management functions: planning, organizing,

commanding, coordinating and controlling. These functions

are still widely used as one means of understanding the

manager's tasks (24:4). The combination of scientific and

administrative management served to place more emphasis on

the skill of the manager and one's ability to get the best

effort from the wor Unfortunately, scientific and

administrative management tended to become one-sided. With

the emphasis given to changes in methods and organization

design for the sole purpose of improving productivity,

little thought was given to the worker and his or her well-

being (25:53).

It was during this period that productivity became

synonymous with efficiency. The ratio of input to output of

16



workers and processes became the prominent measure of

performance. Continuous improvement in the efficiency of

each step of the process of a plant became the

organizational goal, and the desires of the worker were

given ever-decreasing emphasis. The early 1900's was a

period of plenty in the United States and the hunger for

more drove the industrial machine to greater technology and

less consideration for the human interests involved.

The excesses of the age in the market place and in the

human arena lashed back at the American economy and the

people. The vision of Taylor and others for a "now idea of

cooperation and peace being substituted for the old idea of

discord and war" in management/worker relations was never

realized (26:211).

Human Relations. While scientific management was

becoming the watchword for American industry, new studies

were being developed that would drastically change the

perception of the worker's role in industry and the methods

by which organizations could become more productive

(26:212). It became increasingly apparent that factors

other than money motivated people and some employees were

P "self-starters" who did not need to be closely supervised.

The human relations school of thought had its

* beginnings in the late 1930's and the early 19401s. The

basic idea was that worker performance is related to

psychological and social factors rather than the physical

17



environment. It revolutionized management thinking by

focusing attention on the components of a job and worker

satisfaction on the part of the employee (27:3). Attention

shifted away from the scientific measurement of piece work

toward a better understanding of the nature of interpersonal

and group relationships on the Job.

The human relations movement soon attracted wide

attention in both academic and industrial circles. Many

organizations revised their management approach to increase

emphasis on the human factor (28:6). However, many

proponents of human relations drew inferences from their

research that were difficult to support, For example, some

equated morale in an organization with productivity. Morale

describes a person's satisfaction with membership in an

organization. Productivity is related to many factors such

as discipline, control and motivation, but in the total mix

of these factors, morale may be relatively insignificant.

No clear relationship appears to exist between morale and

productivity (29:24).

One reason academia and industry gave such credence to

the theory of human relations was that its effects were

studied in a more "scientific" manner than were those of

scientific management. Comparative studies such as those

conducted at the Hawthorne Plant utilized experimental

designs and drew conclusions based on the outcome of

manipulation within these designs. Where the scientific
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managers were concerned with efficiencies, the human

relationists studied behavior associated with efficiencies.

They went a step further in their research by asking XbZ

things happened.

The human relations movement sought to respond to the

excesses of the previous decades. The national economy was

beginning a slow comeback from the Great Depression. Many

people had experienced joblessness, while a very few

remained economically solvent. Labor unions were a fact of

life in the late Thirties and people were demanding fair

treatment by industry and the protection of their rights by

the government. However, human relations could not solve

all the problems of management and by the late 1960's

serious signs of disillusionment were widespread in

industry. Some authorities even recommended returning to a

philosophy of benevolent authoritarianism (30:82-90).

Refinement and Synthegls. In the late 1950's, managers

began to understand that no single set of laws can be

applied to all management problems. The methods of

scientific management and human relations continued to

advance into such areas as notion and time study, operations

research and industrial relations. In addition, new

concepts began to evolve by combining these approaches.

The last forty years have seen an advance in technology

unlike any in history. These technological advances have

allowed scientists and managers to create increasingly
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complex organizations and perform detailed analyses based on

volumes of information. The contingency and systems

approaches to management are two major concepts to emerge

from this era (31:55).

Contingency theory recognizes that every organization

exists in a unique environment. It attempts to analyze and

understand the relationships between the organization and

its environment with the purpose of taking specific

management actions necessary to deal with problems. The

contingency approach is analytical and situational and seeks

to develop the most practical answer to the question

(31:371).

The systems approach gives managers a way of looking at

the organizution as a whole that is greater than the sum of

its parts. The term "system" refers to a series of

interrelated and interdependent part2: in a system, any

interaction of the parts affects the whole. A system has

inputs, processes and outputs. There is constant feedback

betueen the environment and the system. This allows for

very accurate analysis tools. Managers can observe the

effect of changes within the system based on the effects on

its various parts. For example, in a manufacturing

organization where the goal is to ship as many products as

possible, a manager' can observe the effect of robot

installation on overall productivity and its effect on

transportation and material handling. The manager may find
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it is best to not install robots or to Install a small

number of robots because the increased cost of material

handling and transportation overcomes the benefits of the

increases sales. Ideally, the systems approach would view

the effect on all parts of the organization and make the

decision by optimizing the effect on the whole organization

(32:16).

During this refinement and synthesis period,

productivity measurement has also become more complex. It

is still thought of as a ratio of output to input in most

cases, yet the number and importance of variables which make

up the measurement differ within and among organizations.

Despite the advances in technology and the increased

emphasis on productivity measurement, the late Sixties and

the decade of the Seventies were periods of economic decline

in the United States. A world recession, meager recovery

and return to recession were major contributors to this

decline. Additionally, the petroleum crisis and world

competition spurred by technology also had a detrimental

effect on the American economy. The net result has been a

renewed search for productivity enhancement initiatives

(34:135).

l This section of background provided a

historical perspective of productivity. We have learned

that there has always been a concern for productivity in

industry. From biblical times until the present, we have
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sought to define, measure and enhance our ability to produce

goods and services. The methodology and concern for

productivity measures have continued to change based on the

changes in the national economy and advances in technology.

It seems that during periods of relative affluence American

industry was content to stay with whatever seemed to be

working. However, the major advances in management thought

and productivity measurement have come as a result of hard

times. Desperation seems to be the best stimulus for

creative thought.

With each advance in technology and change in

management concepts, we have become increasingly diverse.

Today, there are still many different ways to view

productivity and to apply measurement methods to assess

performance. Hopefully, we have learned from history the

importance of embracing new concepts without falling prey to

faddish enthusiasm. The next section will examine three of

the most common definitions of productivity in industry

today.

Productivity - Three Coimon Definition.

What is productivity? This basic question has been

pondered by government and industry since the term was first

used in the early part of the Twentieth Century. Not only

has the definition changed based on management trends, but V

also productivity may be defined according to the
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occupational background of the observer. In this section of

the literature review, three common definitions of

productivity are examined. First, the accountant's view of

productivity is examined to provide an understanding of the

cost accounting tools used to measure financial performance

in organizations. Second, the engineer's perspective of

productivity provides a scientific view in terms of machine

efficiency and the attempt to apply this definition to

complex organizations. Lastly, the manager's definition of

productivity seeks to integrate all performance indicators

into one basic measurement of multi or total factor

productivity.

The Accountant's View. Accounting furnishes

information which management needs in order to operate a

business efficiently and meet its responsibilities to the

owners of the enterprise, creditors, employees, government

and the general public (35:32). Therefore, the accountant

concerns himself with the financial welfare of the

organization. Financial performance is measured and

reported in three basic formats:

1. Historical reports

2. Current performance reports

3. Future performance reports

Historical reports summarize all transactions carried

on by an organization in the past. They are used to make

general, overall appraisals of the success of past
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operations. Current performance reports pertain to

activities that are taking place at the time of the report.

They measure the current efficiencies of certain key

activities or operations at various levels of the

organization. These reports aid in the control of the daily

functions of the enterprise. Future reports are financial

forecasts used to plan future operations. Together these

reports say to the accountant, "This is what we have done in

the past, this is how it is affecting our current

performance and based on these trends, this is what we

should do in the future." This is the basis for the cost

accounting system which is prevalent in American industry

(36:10.11-10.22).

Cost accounting is one aspect of general accounting

procedures concerned with reporting and analyzing detailed

cost information for internal management decisions. It

provides answers to the following questions:

1. What kinds of costs are the company incurring?

2. What is the cost per unit and in total, for

each of the different types of products

manufactured or sold?

3. What portion of total cost is assignable to

ending inventories and what portion to operating

expenses?

4. What amount of cost is each department head or

other manager responsible for?
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5. How do the changes in output, product mix,

climate, or other operating conditions affect the

amount of costs?

The answers to these questions give managers insight into

the cost-benefit ratio of their decisions (37:387-388).

This type of financial data provides a primary source of

input for decision making. In fact, cost accounting has

been so fully integrated into productivity concepts that it

is, many times, the only system for measuring performance.

The idea is that if an organization minimizes the costs

associated with all of its activities, the effect is maximum

benefit in the form of higher profits (38:17). Most other

definitions of productivity have become subordinate to this

basic ratio expressed as:

Output Total Profit
Productivity =

Input Total Cost

The accountant holds to the definition of productivity as a

measure of efficiency and translates the ratio into dollars

and cents (38:32).

The Engineer's View. Engineers are usually the

technical problem solvers in an organization. They provide

the human link between the scientist and the manager (39:1).

Engineers most often work at the firm level where they

design and implement work processes. Consequently, the

engineer's perspective is typically limited to a micro view

of productivity. The mechanical or industrial enaineer is
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usually concerned with efficiencies in working groups or

processes rather than the performance of the organization as

a whole. Like the accountant, the engineer believes that

efficient processes will yield an efficient organisation

(40:65-87).

The engineering approach to productivity is derived

from the basic definition of mechanical efficiency:

E
Mechanical Efficiency a

E+L

In this formula, E is the energy output of the machine and L

is the energy lost in performing the output (41:422). For

example, the efficiency of an electric motor is the ratio

between the power delivered by the motor to the machinery

which it drives, and the power it receives from the

generator. If a motor receives 50 kilowatts from a

generator and the output is only 47 kilowatts, then the

machine is 94% efficient.

E 47 kw
a - . 94%

E+L 60kw

A subtlety in this concept is the notion that perfect

efficiency can never be better than 100%. While this may be

true in the physical sense, financial efficiencies can and

should exceed 100% so that an organization may show a profit

(41:423). This subtlety indicates a potential barrier in

the conceptual understanding of productivity in an

organization. While the accountants are looking for a
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department with higher financial productivity in the form of

reduced cost and accelerated throughput, the engineers may

be convinced that the processes are at their peak

efficiency.

Another way an engineer may view productivity is

derived from the absolute efficiency formula:

E
Absolute Efficiency a -

El

In this formula, E is the energy output of the machine and

El is the total potential output. This formula is useful to

the engineer when calculating efficiency in classes of

machinery where the total potential output is much larger

than that represented by the amount actually used to operate

the machine (41:425). This concept has been extensively

developed in the field of industrial engineering which is

concerned with methods for calculating potential output

standards. The practice of work measurement applies this

principle to answer two basic questions:

1. What is the best way to do a particular Job?

2. When this best method is used, what is the standard

svel of output to be expected, given the

.'duction environment, materials, labor force,

Work measurement and methods time measurement are the

engineer's answer to the application of absolute efficiency

to output efficiency or the productivity of an organization

(41:36-39).
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Actual Output
Output Efficiency a

Potential Output

Considerable advances have been made in applying work

measurement techniques to many different working

environments. When engineered standards are not available

or feasible, there are many other methods to define

potential output. Some of these methods are the use of

performance history, technical estimates made by

knowledgeable individuals, or statistical samples (42:188-

190).

While accepting the basic understanding of productivity

as a ratio of output to input, the engineer's definition

differs from the accountant's in terms of this perspective

of the organization. Although both agree that efficient

pieces contribute to an efficient whole, they differ

somewhat on how this is to be achieved. The accountant

looks for efficient costs where the engineer is inclined

toward mechanical processes. The manager's task is to

integrate these concepts into a broader and more useful

definition of productivity.

The Manager's View. Productivity, in the view of

American managers, is the relationship between the output of

an organization and it's required inputs. While this

definition is similar to those of the accountant and

engineer, there is an important conceptual difference.

Nanagers are concerned with the total health of an
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organization, including the welfare of the employees, the

quality of products and the impact on the community and

environment. This broad view of the organization has given

rise to a definition of productivity which is much larger in

focus than those already seen (44:23). Unlike the

straightforward view of the productivity of a mechanical

device, the complexity of an organization suggests a need

for a macro-approach to measurement.

Three basic levels of productivity measurement are: (1)

partial measure, (2) multi-factor, and (3) total factor

(33:304). The three measures are differentiated based on

the range of inputs included. If there is only one input,

this is referred to as partial productivity. If there is

more than one input, but not all available inputs are used,

the result is multi-factor productivity. If all inputs are

considered, the measure is called total factor productivity.

The accepted belief in industry is that the more inputs one

can consider when measuring productivity, the more useful

the information will be. With the proliferation of computer

systems in the United States, managers have a great deal of

information with which to work (33:305).

A useful indicator of an organization's effectiveness

in addressing productivity is the total productivity

measure. Total productivity is defined as total output

divided by the sum of all the inputs: (45:106)
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Output
Total Productivity a

Labor + Materials + Capital + Energy

Management's task is to bridge the gap from physical

measures of operational control to the "big picture" needs

of the entire organization. Productivity measures are

needed for effective strategic planning: a strategic

business plan is incomplete if productivity improvement is

not an integral element of the plan.

One approach to measurement is illustrated by a report

from a total performance measurement system developed by the

American productivity center.

Table 1 Multi-factor Productivity (46:312)

Performance Indexes (%) Effects on Profit

Profit- Product- Price Profit- Product- Price
Input ability tivity Recovery ability tivity Recovery

Labor 91.5 112.0 81.7 S(3,307) $3,511 S(6,818)
Material 88.3 97.9 90.3 (3,099) (478) (2,621)
Energy 87.8 113.6 77.3 (460) 367 (827)
Capital 106.4 100.7 107.7 2,196 261 1,935

Total 95.5 104.2 91.7 $(4,670) $3,661$(8,331)

The first three columns provide indexes of

profitability (productivity x price recovery), productivity

(outputs / inputs) and price recovery (the degree to which

increases in unit costs of inputs are recovered by increases

in selling prices), and for each of the major inputs and in

total. By examining the "total" line, one can conclide that
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a 4.5% decline in profits (100-95.5) resulted from a large

drop in price recovery (the company was not able to get

through increases in input costs to the customer) which was

partially offset by a 4.2% increase in total productivity.

The last three columns of the report provide the dollar

impact of the changes in the indexes. This information

shows that a large percentage drop in the productivity of a

minor input may be of less consequence than a smaller

decline in a major input. A measurement system like this

enables management to grasp the productivity performance of

a company and its major components. It strengthens the

planning process by making the long range impact of

productivity and price recovery easy to understand

(46:314).

While measurement is integral to the productivity

management process, it is not a cure-all. There is no

perfect system of measurement. Many activities within an

organization are difficult to quantify and, in fact, may

elude measurement altogether. For example, service

organizations and government agencies produce outputs that

are difficult to measure and where profit is not the

objective. How does one measure customer service or

national security? The manager must strive to balance the

effect of these intangibles on organizational effectiveness.

The total productivity measure is an attempt to control the

31



broad concept of productivity by examining as many of the

components of an organization as possible.

LuaMszz.,& Productivity is defined in many different

ways. The background of the observer and the level of

responsibility one has in an organisation are key

determinants as to how one may view productivity and the

measurement application one may attempt to implement. This

section has examined three of the most common definitions of

productivity. These different, yet associated views, help

point out the complexity of productivity management.

Trends

Corporate America is constantly looking for "better

margins," meaning larger profit. Increasing productivity in

indugtry is one way of increasing profits; therefore,

concern for industrial productivity enhancement has been on

the rise. The major reason for the increase in concern of

late is a result of the drastic economic slowdown of the

1970's. The conditions which contributed to this slowdown

included a world recession, a meager recovery, another

recession, extensive drought and the petroleum crisis.

While the United States was increasing its national debt to

survive, foreign competition, spurred by technological

advances, was taking over traditionally American markets

(47:61). In the 1980's, the American economy became

increasingly service-oriented as the United States left more

and more of the manufacturing to other countries (48:64).
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Once again desperate times have created an environment ready

for new ideas.

Two men have emerged with ideas which are changing the

way Americans view business and productivity. In this
4

section, the Total Quality Management concepts of W. Edwards

Doming will be discussed in general and as they relate to

service organizations. Also, the Theory of Constraints

developed by Eliyahu Ooldratt is examined. Together, these

concepts represent prominent influences in current

management thought and productivity concepts.

Total Quality Control. William Edwards Doming was born

in the United States in 1900. At the age of fifty, he was

invited to Japan to help revive its war-torn economy, but

not until the 1980's was his expertise recognized in the

United States. Today, "The Doming Management Method" is

taught in most universities and industry is applying the

Total Quality Control (TQC) concept proposed by Doming in an

effort to regain the competitive position once held by the

U.S. (49:3).

The basic premise of the Doming philosophy in that

productivity increases with quality improvement and that low

quality means high cost and loss of competitive position.

Regardless of the particular view of productivity held, this

philosophy is applicable.

* For years, there has been a perceived conflict between

quality and productivity in American industry. If quality
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was increased, productivity dropped off or vice versa. The

consensus of management was to strike the balance by making

quality standards only as good as they had to be, while

pushing for as much production as possible (50:1). The

fallacy of this tradeoff has been demonstrated by a loss of

competitive position to foreign sources, especially in

manufactured goods. The clear message from Japan and

Germany is that quality products translate into increased

market share. The predominant messenger for quality has

been and remains W. Edwards Deming.

As a statistician, Dr. Doming has continuously sought

to develop sources of improvement. Understanding that

statistical evaluation is not a cure-all for quality

problems, he concluded that what was needed was a change in

basic management philosophy, but a philosophy which made

effective use of statistical methods for quality control.

Dr. Deming developed this philosophy as described in "The

Fourteen Points" and " The Seven Deadly Diseases"(60:23).

These items explain how to create an environment conducive

to increased productivity and how to avoid the obstacles

that thwart productivity.

"The Fourteen Points of Management"

1. Create constancy of purpose toward improvement of
product and service, with the aim to become
competitive and to stay in business, and to
provide jobs.

2. Adopt the new philosophy. We are in a new
economic age. Western management must awaken to
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the challenge, must learn their responsibilities,
and take on leadership for change.

3. Cease dependence on inspection to achieve
quality. Eliminate the need for inspection on a

* mass basis by building quality into the product in
the first place.

4. End the practice of awarding business on the
basis of price tag. Instead, minimize total
cost. Move toward a single supplier for any one
item, on a long-term relationship of loyalty and
trust.

5. Improve constantly and forever the system of
production and service, to improve quality and
productivity, and thus constantly decrease costs.

6. Institute training on the Job.

7. Institute leadership. The aim of supervision
should be to help people and machines and gadgets
to do a better job. Supervision of management is
in need of overhaul, as well as supervision of
production workers.

8. Drive out fear, so that everyone may work
effectively for the company.

9. Break down barriers between departments. People
in research, design, sales, and production must
work as a team, to foresee problems of production
and in use that may be encountered with the
product or service.

10. Eliminate slogans, exhortations, and targets for
the work force asking for zero defects and new
levels of productivity. Such exhortations only
create adversarial relationships, as the bulk of
the causes of low quality and low productivity
bolong to the system and thus lie beyond the power
of the work force.

Ila. Eliminate work standards (quotas) on the factory
floor. Substitute leadership.

V b. Eliminate management by objective. Eliminate
management by numbers, numerical goals.
Substitute leadership.

12a. Remove barriers that rob the hourly worker of his
right to pride of workmanship. The
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responsibility of supervisors must be changed from
sheer numbers to quality.

b. Remove barriers that rob people in management and
in engineering of their right to pride of
workmanship. This means, inter alia, abolishment
of the annual or merit rating and of management
by objective.

13. Institute a vigorous program of education and
self-improvement.

14. Put everybody in the company to work to accomplish
the transformation. The transformation is
everybody's Job.

"The Seven Deadly Diseases"

1. Lack of constancy of purpose to plan product and
service that will have a market and keep the
company in business, and provide jobs.

2. Emphasis on short-term profits: short-term
thinking (just the opposite from constancy of
purpose to stay in business), fed by fear of
unfriendly takeover, and by push from bankers and
owners for dividends,

3. Evaluation of performance, merit rating# or annual
review.

4. Mobility of management; job hopping.

5. Management by use only of visible figures, with
little or no consideration of figures that are
unknown or unknowable. (Peculiar to industry in
the U.S., and beyond the scope of this book.)

6. Excessive medical costs.

7. Excessive costs of liability, swelled by lawyers
that work on contingency fees. (50:23-35)

Simply reviewing the framework behind the philosophy is

not enough. To understand its application, it must be

viewed at work in an organization. Because of the expansion
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of service industries in the American economy, application

of the Doming Method will be viewed in the service sector.

A service organization is one which earns a profit by

providing a convenience to a customer. Service

organizations include restaurants, hotels, bars, banks,

hospitals, maintenance and government agencies. Six out of

seven people in the American labor force are engaged in

service industries; therefore, it is obvious that for the

quality of life to be improved in the United States, we must

be concerned with the quality and productivity in services

(51:185).

In his book, "Out of Crisis," Dr. Deming cites an

example of TQC application in the municipal services of

Madison, Wisconsin. In 1984, there were so many complaints

about the quality of service in the Motor Equipment Division

that morale had seriously declined. As a result, the mayor

decided to transform the management of the division to

emphasize improvement in the quality of customer service.

The mechanics employed in the division, through surveys

and informal discussions, collected data concerning the

major customer complaints. They found the overriding

complaint to be excessive downtime of vehicles. The

mechanics drew a flow diagram of the process for the repair

of vehicles and collected data to determine how much time

was needed to complete each step of the process.
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By comparing the costs associated with major repair and the

costs of simple maintenance procedures implemented to

prevent major repairs, they justified the institution of a

comprehensive maintenance program.

The application of the Dosing method an these mechanics

learned it, greatly improved the quality and productivity of

their workcenter. Dr. Deming goes on to suggest that the

same method can be applied in any fleet of vehicles. The

emphasis was to create an environment which promoted the

idea of doing things right the first time (50:245-247).

The U.S. quality movement has been slow to take hold.

Total Quality Management is present at only a handful of

leading U.S. companies and, for the most part, companies are

implementing the concept on an independent basis. However,

this'philosophy is catching on and as the success of its

implementation has grown, so has the call for more

information. The nation's manufacturers, as well as service

organizations in both the public and private sectors, are

investing in TQM as a means to make "Made in America" a

guarantee of quality once again (49:8-16). As Doming states

in his book, "Quality, Productivity and Competitive

Position":

"The benefits of better quality through
improvement of the process are not just better
quality and the long-range improvement of market
position that goes along with it, but greater
productivity and much better profit as well."
(51:3)
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TQM brings together both the contingency and systems

concepts of organizational management. It recognizes that

every organization exists in a unique environment, and it

attempts to view the organization as a whole greater than

the sum of its parts. Productivity may, in this sense, be

thought of as the effectiveness with which the resource

inputs such as personnel, materials, machinery and

information are translated into customer oriented outputs.

Today, these outputs involve all the relevant marketing,

engineering and service activities of the organization

rather than just the activities of the laborers (52:389).

The output of service organizations is a level of

perceived customer satisfaction. TQK is particularly well

suited to explain and enhance this output because quality is

a determination made by the customer. It is based upon the

customers experience with the service measured against his

or her requirements (52:6). Whether the service provided is

a fast meal, electricity or national defense, the customer

is the one who measures the quality of output and who

thereby effects the organization's productivity.

The Theory of Constraints. Another emerging

management philosophy in America industry is known as The

Theory of Constraints (TOC). Initially implemented in the

form of a production scheduling software, it has now

developed into a comprehensive school of thought. Dr.

Elkyahu Goldratt began by examining jobs scheduled through
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the manufacturing process while considering the limitations

of facilities, machines, personnel or anything that caused a

system to fall short of its performance objectives. TOC

tells us that if we can identify the system constraintt

learn how to exploit it, and then subordinate all other

activities to maximize the efficiency of the constraint, the

system's profit earning performance will increase

dramatically (51:120-132).

TOC was developed in answer to the major problems

facing manufacturing in the United States. Goldratt boiled

these problems down to the general failure of the

traditional cost accounting system predominant in American

industry and the resulting emphasis on efficiencies. He

believes that cost accounting as a performance measure is no

longer valid because it forces managers to concentrate on

local measures such as machine efficiency or direct labor

hours. Therefore, cost accounting deals with only the local

expense of actions and not the impact of these actions on

the overall organization (53:37). The belief has always

been that if each part of the process is efficient, the

entire process will be effective.

Goldratt describes the problem faced by industry with

an illustration known as "the hockey stick phenomenon." This

phenomenon is a result of organizations rushing to meet

quotas at the end of a time period. It is referred to as a

hockey stick because the production process, when viewed
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graphically, looks like a hockey stick with a flat bottom

and rapidly rising handle. The cause of the problem is that

organizations use two sets of measures. As seen in figure

1, at the start of the period, efficiencies driven by cost

accounting policies are used to determine how well standards

are being maintained. These local measurements encourage

releasing large amounts of material to minimize process set-

ups and forcing each machine to reach its maximum

efficiency. As the period continues, the organization

becomes driven by another system of performance measurement:

the pressure to sell products becomes the overriding

concern. To ensure the quotas are met or a profit is shown,

overtime is authorized, employees work weekends and general

panic, takes over the organization. As the end of the period

passes, the cost accounting measures come back into use and

efficiencies are once again the watchword (54:34).

OUTPUT

2 3 4

QUARTER

Vigure 1 The Hockey Stick Phenomenon
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The General Theory of Constraints suggests that each

organization must define its goal and then realize that

everything contributing to the goal is productivity and

everything not contributing to the goal is

counterproductive. According to Ooldratt, productivity is

all the actions that bring a company closer to its goals.

He goes on to say that the goal of any firm is to make money

(54:71-75).

Productivity is frequently viewed as a measure of

output per labor hour, but this measurement does not ensure

the organization will make money. For example, extra output

can be produced and not sold, making this output excess

inventory. If the product has not been sold, it has not

made any money for the organization and, may in fact accrue

additional expenses. Likewise, if each machine in a process

is producing pieces at maximum efficiency, but these pieces

do not come together as a product, then these efficiencies

do not translate into profit (55:44-51).

TOC is based on the idea that to adequately measure an

organization's performance, the evaluation should be made

from a financial perspective and from an operational

perspective.

In financial terms, organizations keep track of net

profit, return ou iivestment and cash flow. Goldratt

defines each of these measurements, respectively, as an

absolute measurement in dollars, a relative measure based on
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investment and a survival measurement. To evaluate an

organization's performance, all three of these measures
4

should be used. Viewing only one or two without the others

will present a misleading picture of the organization's

financial health. For instance, a company may show a high

net profit but have a very low return on investment. Net

profit and ROI may be high and the company could still go

bankrupt because of a lack of cash flow to pay its bills

(55:54).

Operational measures translate financial measurements

into ideas that can be easily grasped at the productive

level. It is not an easy task to motivate people on the

shop floor by selling corporate financial goals.

Recognizing this, the TOC has defined three operational

measures which serve as guidance to those responsible for a

firm's performance. Throughput is the rate at which money

is generated by the system through sales. Inventory is all

the money that the system has invested in purchasing things

it intends to sell. Overatinf expenses include all the

money that a system spends to turn inventory into

throughput. With these three measurements, a company can

determine how well it is meeting its goal. The operational

goal then becomes to increase throughput while

simultaneously reducing inventory and operating expense

(56:55,56).

43



The critical factor in the Theory of Constraints is the

absolute importance of measuring the right things.

Organizational effectiveness is the dominant measure while

efficiency is only a part of the overall picture. The

success of the Japanese can be attributed to their

measurement of organizational effectiveness based on long-

term performance and not short-term financial reports or

local performance measures.

In the Toyota Kanban system, the performance of a

worker is based on meeting the schedule for the product each

day and maintaining the flow of material as opposed to

maximizing the number of parts produced. Worker idle time

is an important part of the Kanban system. The idle time of

workers provides time to clean work areas, conduct training

and accomplish preventive maintenance. The Japanese

recognize that the importance of a resource should be

evaluated based on the system's performance and not local

efficiencies (57:56).

The success of Dr. Goldratt's theory in practice offers

strong evidence as to its validity. The important fact to

note is that, like the Total Quality Management theory of W.

Edwards Deming, TOC is based on the idea of continuing

improvement. It is not simply a mechanical formula for

success in manufacturing. The General Theory of Constraints

is intuitive and applies in practice to any business

venture. An organization must know its goal and subordinate
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all activities to that goal. The greatest challenge may be

the development of a solid performance measurement system.

Efficiency and effectiveness measures for an organization

should exhibit a direct cause and effect relationship, not a

b correlation relationship. Efficiencies should be used very

cautiously and great - .- should be taken when identifying

how these efficienciet ect the productivity of the firm

(59:57).

Chapter Summary

In this chapter, we have examined productivity both

conceptually and practically. We have developed a

background concerning productivity in the context of

history, common definitions and current management trends.

We have seen the development of productivity in direct

relation to changes in economies and political structures.

Each step through history has added to the complexity of

management as an impetus to motivate production. History

describes a five thousand year series of swings in the

productivity pendulum---always secking a balance between the

inherent right of the individual to a quality life and the

overpowering momentum of progressive economies.

The advances of science and technology have given rise

to increasingly complex definitions of productivity. We

have defined productivity in the view of the accountant, the

engineer and the manager. Each view seeks to answer the

question, "What is productivity?" We believe that once we
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answer this question, we can manipulate it to our advantage.

Instead, we see that the definitions offered by different

viewpoints may conflict and can serve to confound the issue

rather than clarify it.

Finally, we discussed the management trends in American

industry and how they are changing the concept of

productivity once again. Total Quality Management and the

Theory of Constraints are philosophies of management which

go back to the basics and at the same time utilize science

and technology. Perhaps together, they have found the

balance we have long sought. By combining statistical

quality control and capacity planning with fundamental

policies concerning goal planning and quality of life, we

can almost begin to see an advantage for both the worker and

the manager without extreme sacrifice for either.

4
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11. Literature Review

SIn~troduction

Having established a national, if not world concern for

productivity growth in the preceding chapter, this

literature review examines the federal government's approach

to defining, measuring and managing productivity.

Additionally, productivity research conducted within the Air

Force and specifically dealing with aircraft maintenance is

examined. The background study, accomplished in Chapter II,

revealed that productivity as a management concept has

continually changed throughout history and that it can be

viewed differently depending on the perspective or technical

orientation of the observer. Tht purpose of this chapter is

to understand how the Department of Defense views

productivity and how it translates this view into objectives

to be accomplished by military organizations. The review of

current research literature in this area establishes

research trends and describes the attempts to apply the

research conclusions to productivity in aircraft maintenance

units.

The Executive Order for productivity improvement and

resulting Department of Defense directives are first

reviewed to establish basic definitions and guidelines for

productivity improvement. Next, the Air Force Productivity

Enhancement Program, governed by AFR 25-3, is presented.
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This shows how the Air Force attempts to operationalize the

concepts defined by the higher headquarter agencies. The

Military Airlift Command regulations concerning maintenance 4

management and performance standards are then introduced in

order to exhibit published guidelines for managing

productivity in an aircraft maintenance environment.

Finally, a summary of the productivity research conducted in

the Air Force is reviewed. Defense Technical Information

Center (DTIC) annotated bibliographies and individual

studies are evaluated to determine the current state of

research in this area and to emphasize the need for a

specific look at the methods used to manage productivity in

Air Force aircraft maintenance units.

"This review focuses on the relationship between

productivity management and the Department of Defense.

Except where necessary, specific detail has been omitted.

The larger publications, such as AFR 25-3 and HACR 66-1 are

generalized. The purpose is to point out how the concern

for productivity is evident in a military environment and

how that concern is or is-not passed on to the aircraft

maintenance units of the Hilitary Airlift Command.

Productivity in the Federal Government

In February 1986, President Reagan released Executive

Order 12552, entitled, Productivity Improvement Program for

the Federal Government. The purpose of this order is to

establish a government-wide program to address what many see
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as a productivity crisis in the United States. Labor costs

per unit of output and the annual inflation rate since 1960

have risen rapidly. As the rate of increase in money

income exceeds the rate of gain in worker productivity, the

resulting rise in labor costs essentially reduces the number

of items that can be produced. (59:655) Because of the

unique role of the federal government in the national

economy, it is critical that federal agencies be mindful of

this crisis and lead American industry in the pursuit of

productivity and economic growth (60:165).

Since the administration of President Franklin

Roosevelt, the federal government has become a major factor

in the national economy. Use of federal tax revenues to

fund government services is common practice. Some

economists argue that government injection of capital into

the economy is the only way the nation has been able to

maintain economic growth (59:268-270). These same

economists feel that the only sure method for overcoming the

current federal budget deficit is to increase the nation's

productivity. The methods proposed for doing this differ

greatly, but the important fact to note is that the federal

government is seemingly seeking to take the lead in this

endeavor.

"The goal of the program shall be to improve the
quality and timeliness of service to the public, and to
achieve a 20 percent productivity increase in
appropriate functions by 1992." (6:1)
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Productivity in defined, in this order, as the

efficiency with which resources are used to produce a

government service or products at specified levels of

quality and timeliness. (6:1) The order proceeds in very

general terms to define services, measurement systems and

performance standards. The complete executive order can be

viewed as & source document in Appendix A. The important

fact to be gained for this review is that this order gives

no specific guidance for measuring and reporting an

organization's productivity. Each federal agency must

define its function as related to the entire federal system

and establish its own measurement and reporting criteria.

One must then wonder how, if each agency is allowed to

measure productivity differently, the resulting improvement

can be monitored at the federal level. Will the combined

improvement contribute a similar increase in national

productivity? If so, how is this to be measured?

In terms of the national economy, productivity is

synonymous with "labor productivity." Labor productivity is

measured in terms of worker output and is reported by the

Bureau of Labor Statistics. It measures, on the average,

what a worker produces per hour of work and is considered to

be a good indicator of the trend in the growth rate for the

nation's standard of living. (60:23) Next, we will review

the Department of Defense directives which establish the

policy for DOD productivity measurement and we will see how
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subordinate functions are to report productivity date to the

Secretary of Defense and then to the Bureau of Labor

Statistics.

Productivity in the DoD

The Department of Defense is responsible for providing

the military forces needed to deter war and protect the

security of our country. Each military department is

organized separately under a civilian secretary and

functions under the direction, authority and control of the

Secretary of Defense. The secretary of a military

department is responsible for efficient operation of the

functions performed within the department and as they relate

to the entire DoD (61:174).

DoD directive 5010.31, DoD Productivity ProfraM,

establishes policy, applicability and scope for fulfilling

the requirement of the President's productivity program. It

applies to all DoD components, but is specifically addressed

to the support functions of these organizations. In

essence, the policy is meant to focus management attention

on increasing defense outputs in keeping with the defense

preparedness mission (62:1). The program is established as

a labor oriented program and is, therefore, focused on labor

cost savings as well as reduction in unit cost of

operations. It directs the establishment of productivity

goals and a planned approach to productivity enhancement.
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As part of the planned approach, the program emphasizes work

measurement and statistical methods to measure workforce

efficiency. It also suggests an aggressive and cohesive

program to improve workforce motivation and the quality of

working life (62:2).

Overall responsibility for the program is assigned to

the Assistant Secretary of Defense (Manpower, Reserve

Affairs, and Logistics). Additionally, the Assistant

Secretary of Defense (Comptroller) is assigned the

responsibility to ensure that productivity efforts are

integrated into DoD resource management systems. These

responsibilities, at both levels, are carried out by the

issuance of further policy guidelines and more detailed

definitions of terms (62:34). At this point, the number of

DoD directives affecting the productivity program grows

rapidly. Rather than attempt to review each one, we will

remain fixed on the basic purpose which, at this point, is

to show how the productivity program translates into

measurement criteria and how the program continued down

through the Department of the Air Force.

DoD Directive 5010.32 is the Productivity Enhancement.

Measurement. and Evaluation Onerating Ouideline and

Reporting Instruction. It is a general guideline and like

5010.31 applies to all DoD components. This instruction,
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however, specifies the goals, general guidelines and

reporting requirements for the head of each component

(63:1-4).

The establishment of annual productivity improvement

goals consistent with DoD planning and programming

guidelines, and the subdivision of these goals by major

Command prior to the beginning of each fiscal year are the

basic goals for each department head. Additionally, each

component must implement a program which addresses specific

minimum provisions (63:2). The following is a summary of

these provisions:

A. Priority emphasis on productivity enhancement
at all echelons.

B. Maximum use of existing resource system in
productivity measurement and evaluation.

C. Systematic reviews of major functions to
effect methods improvement and appropriate use of
labor performance standards where used.

D. Effective capital investment planning.

E. Development and appropriate use of
productivity evaluation indicators.

F. Accumulation of productivity data by major
commands and operating agencies.

0. Utilization of productivity and performance
data in the development of requirementu and
allocations of manpower and fund resources.

H. Optimum effective use of standard time data in
the development and updating of labor performance
standards.

I. Adequate staffing and training of personnel to
sustain a viable Productivity Program.
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J. Periodic field reviews to assess program
effectiveness.

K. Productivity measurement and evaluation.
(63:3)

Although the directive provides more specific

guidance than seen before, it is clear that each component

maintains a basic autonomy when establishing measurement

criteria. Enclosures and additions to the directive provide

explanations for the provisions listed above. They address

procuctivity measurement and evaluation, fast pay-back

capital investment opportunities, definitions of terms, and

reporting procedures. Of these, the information important

to this review is that addressing measurement, evaluation

and reporting.

Enclosure #3 of 5010.34 structures the measurement and

evaluation of productivity by major program or functional

area to disclose trends on a year-to-year basis. This

requires the establishment and use of summary level

indicators intended to represent true measures of the

primary mission of each functional area. The data needed to

accomplish measurement and evaluation is to be gathered from

existing data systems or the modification of existing

systems (63:3,4).

Section VI of enclosure three lists functions and

suggested indicators for measurement and evaluation. The

following is an excerpt from this section pertaining to

maintenance:
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NQ. Sutiested Indicators

E.1l Intermediate Maintenange ActivitieS Number of end
This area covers personnel engaged items processed
in maintenance and repair of equip-
ment at installation level.

E.12 Depot Maintenance Activities Number of end
This area covers personnel engaged items processed
in depot level maintenance and
repair of equipment. (63:48)

This by no means limits maintenance organizations to this

indicator nor does it list all types of maintenance

activities. However, the list continues the objective of

the program to measure labor productivity at a minimum. The

reporting guidelines in Enclosure #4 continue on this basic

objective. The forms used to report productivity data to the

Bureau of Labor Statistics is sectioned into input/output

figures and man-year summaries for each component. Samples

of report forms and definitions of terms used in this

directive are exhibited in Appendix B.

The DoD Directives addressing productivity are very

general and deal mainly with labor efficiency. The purpose

is to manage labor resources within DoD components to meet

the national productivity objectives. However, in

establishing the guidelines for the component agencies the

productivity picture rapidly expands to include resources

other than labor. Each component must build upon the
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rudimentary guidelines of the directives to establish more

specific productivity programs while seeking to remain

consistent with the national goal. The Air Force's

4J
Productivity Improvement Program is one attempt to do this.

Productivity in the Air Force

Air Force Regulation 25-3, Air Force Productivitt

Improvement Program (PIP), provides the framework for

focusing and coordinating all productivity related programs

in the Department of the Air Force. It applies to all Air

Force units and activities including Air Force Reserve and

Air National Guard and is intended to implement DoD

Directive 5010.31 and DoD Instruction 5010.32 (7:1).

The regulation defines productivity as a measure of an

organization's performance and includes both efficiency and

effectiveness.

"Productivity is doing things right (efficiency) and
doing the right things (effectiveness)." (7:4)

The program objectives are to establish productivity

awareness and promote the use of productivity planning,

improvement, researcht recognition and workforce motivation

programs. Additionally, the program seeks to improve

organizational effectiveness and efficiency and maintain a

measurement system to evaluate performance (7:4).

Policy goals focus on total factor productivity

improvement. The regulation reflects the recognition by the

Air Force of the importance of monitoring labor
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productivity, but includes other factors such as equipzeit,

process, energy, materials and facilities. The policy is to

direct consideration of these factors toward supplementation

of the existing planning, programing and budgeting system.

Employing approved cost factors and data gathered by

accepted work measurement methods makes it easier to defend

requirements during Program Objective Memorandum (POM) and

budget reviews. The use of existing management structures

and the involvement of personnel are emphasized for

productivity improvement. The regulation establishes as

policy, avoidance of arbitrary reduction in resources,

claiming that any reduction in resources should be

accompanied by either a corresponding decrease in workload

or a more efficient means of workload accomplishment

(7:4,5).

Responsibility for implementation of AFR 25-3 in

assigned to various offices at Air Staff and Major Command

level. The Director of Maintenance and Supply is simply

tasked to provide functional assistance for Productivity

Enhancing Capital Investment Programs (PECI). Major

commands are to appoint a productivity principle to serve as

a focal point for productivity, take part in PECI programs,

implement a Productivity Improvement Program and identify

the productivity impact for submitted initiatives.

Procedures for accomplishing these tasks are described in

other chapters of the regulation. Rather than examine these
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in detail, we will look first at guidelines for productivity

measurement and then at how the Air Force provides input to

the Federal Productivity Measurement Project.

Chapter 2 of AFR 25-3 outlines PIP guidelines. The &

purpose of this chapter is to assist organizations in

establishing and implementing PIP programs. This is the

only direct reference to productivity measurement in the

regulation. Here, organizations are encouraged to develop

procedures for collecting and analyzing productivity data,

but only in very general terms. It encourages micro and

macro measurement systems which make effective use of

available data and are simple in structure. (7:10)

"The partIcular measurement system selected depends on
the scope and depth of the productivity effort being
measured and the specific needs of management." (7:10)

At this point we see that the major commands are still left

much to their own devices for effecting measurement and

evaluation programs.

The Air Force does have a role in the annual

measurement of federal productivity as outlined in DoD

Instruction 5010.34. Chapter 5 of AFR 25-3 describes this

role and provides instruction for the Air Force Functional

Offices of Primary Responsibility (OPR). The Air Staff

productivity office provides data to the Bureau of Labor

Statistics concerning trends in labor productivity for the

public. Functional OPR's must report input/output data and

man-year summaries to Air Staff which verifies the
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information, compiles it and submits it to the Bureau of

Labor Statistics (7:31). The only OPR related to aircraft

maintenance required to report as part of this program is

the Depot Maintenance function at Headquarters, Air Force

Logistics Command (7:60).

MAC Regulation 173-1 provides guidelines for the

establishment of management performance standards. The

objective of the M4AC Management System as outlined by this

regulation is to improve the Command's performance and

effectiveness by identifying and resolving potential

problems and encouraging corrective actiot•. The

responsibility for this program is given to the

DCS/Comptroller and to the cost function at each level of

management (65:1).

The performance standards are developed and monitored

by the MAC Performance Standards Committee. This committee

consists of representatives from each directorate at the

Headquarters level. They review all standards annually and

request data necessary to develop new standards. The

published standards which aprly to the aircraft maintenance

field are:

1) Home Station Launch Reliability

2) Enroute Launch Reliability

3) Aircraft Mission Capable Goals (65:5-13)

For a detailed look at these standards and how they are

derived, see Appendix C. As stated earlier in this section,
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a cohesive program for managing productivity information is

not maintained at the Major Command level in the Air Force.

MAC looks at productivity in various ways and includes

productivity in the general "performance indicator" grouping

(66:1).

There are three separate directorates at the

headquarters MAC level which yield productivity information,

and each one views productivity in a different way. The

Programs and Resources Directorate is concerned with

manpower and quality of life issues. It is in this

directorate that the MAC Productivity Division is located.

The MAC Comptroller views productivity issues in strict

terms of cost accounting and measures it in terms of the

efficient use of funds. The Logistics Directorate, of which

aircraft maintenance is a large part, views productivity in

terms of providing weapon systems in support of the airlift

mission. Effective use of logistics resources is their

major concern (66:.).

It is at this point that the Productivity Program for

the DOD has the potential to loose cohesion. As the program

is tracked to the major command level, the MAC supplement to

AFR 25-3 is less than one half page in length and refers

only to item additions to the basic regulation. There is no

consolidated program for productivity in MAC and the MAC

productivity office in the Hanagement Engineering Division
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is concerned only with Fast Payback Capital Investment

(FASCAP) and the suggestion program. (66:2)

General H. T. Johnson, the Commander in Chief of MAC

has recognized the need for a single channel of information

concerning productivity and has tasked LTC Hayden of the

Policy and Doctrine division to establish a Total Quality

Management (TQM) office for this purpose. LTC Hayden

envisions the TQM program, Action Eagle, as an umbrella for

all productivity programs. Its purpose is to establish an

audit trail for productivity initiatives and bring them all

together under the general measure of customer satisfaction

(67:1).

Productivity in MAC Maintenance

MAC Regulation 66-1, Volumes I - VI set up the

maintenance management system for all MAC activities which

perform on- equipmentand off-equipment maintenance of

aircraft and aircraft support equipment. Together, they

provide the Wing level guidance to maintenance manager3 and

their staffs for directing and controlling subordinate

maintenance activities in compliance with command

maintenance policies and operating instructions (68:1)

Duties and responsibilities for all managers and guidelines

for all workcenters are contained in these volumes. Volume

II deals specifically with maintenance management and the

Deputy Commander for Maintenance (DCM) (68:2).
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The MAC DCM has the overall responsibility for

planning, scheduling, directing and controlling the

maintenance function for a given Wing. Authority for
A

achieving this responsibility is delegated to squadron

commanders and various staff functions. Productivity

planning and measurement take place at each of these levels

for the purpose of meeting mission objectives. However, the

DCM staff functions of Plans and Scheduling (P & S), Quality

Assurance (QA) and Management Information Systems and

Analysis (HIS & A) have the responsibility to report to the

DCM concerning the ability of the maintenance organizations

to meet mission requirements within specified limits of

quality and timeliness (68:1-106).

.P & S Plans and Scheduling is the DCM staff function

tasked with representing the DCH in negotiations with the

operations scheduling function to produce a flying and

maintenance schedule which makes the most efficient use of

resources (68:20). The operational planning cycle is

accomplished through a series of scheduling meetings where

the requirements of the operational mission are reconciled

with scheduled and unscheduled maintenance to be

accomplished.

Planning begins with a comparison of the unit's

quarterly flying hour allocation against the projected

airframe availability. The quarterly projection is then

broken down into monthly planning schedules which reconcile

62



the maintenance capabilities to known operational
4

requirements. Weekly meetings are held by maintenance and

operations to review the past week's accomplishments and

A refine the coming week's schedule.

Additionallyt maintenance must plan long-range to

ensure the proper and effective use of maintenance resources

(68:20). The Maintenance Planning Cycle considers the

planning and support of mission requirements, particularly

the availability and serviceability of facilities, tools and

equipment, and material. Long-range planning is needed to

support future requirements such as Programmed Depot

Maintenance (PDM) schedules, Time Compliance Technical

Orders (TCTO), Quality Assurance activities and scheduled

exercises (68:20).

Plans and Scheduling maps out the function of the

maintenance complex for a given period of time. Production

planning starts here, but it must be tracked and evaluated

and compared to some standard before it translates into a

performance indicator such as productivity (68:21).

MIS & A This function provides information to the DCM

to evaluate how well the unit is meeting its requirements

for flying and maintenance. The information gathered from

data systems within the maintenance complex is analyzed to

yield answers to questions posed by maintenance managers

such as:
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A. Were operations requirements realistic?

B. What were the causes of deviations from the
operational and/or maintenance schedule?

C. Are particular systems or equipment items
negatively impacting performance goals?

D. Are enough qualified maintenance personnel
available to meet mission requirements? (68:106)

"The analysis process is defined as the methodical
conversion of raw data into a form useful for
managerial control. It begins when the date are first
assembled and ends when they are applied for decision
making or control." (68:106)

The overall objective is to provide information which will

be used by maintenance managers to improve the maintenance

operation. This is accomplished by viewing maintenance

management reports, looking for trends and managing the

information systems (68:80).

The information analyzed by HIS & A can be reported

individually to concerned supervisors or directly to the

DCM. MAC Reg 66-1 requires the HIS & A section to publish a

maintenance digest which summarizes the performance of the

maintenance complex for the preceding month. Again, the

overall objective is to improve the maintenance operation by

analyzing maintenance data (68:83).

Each unit must publish a maintenance digest each month

and send a copy to the MIS & A office of the Logistics

Maintenance Management Division at Headquarters MAC. At a

minimum the digest must have the following information:

1. Home Station Air Abort Rate
2. Labor Hour/Flying Hour
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3. Base Self-Sufficiency Capability
4. Top Ten Man-Hour Consumers
5. Top Ten Failures by Work Unit Code
6. Delayed Discrepancies/Average Possessed Aircraft
7. Cannibalization/Departure Rate (68:83)

Attachment #1 of MAC Reg 66-1 Volume II contains the

formulas required to compute these measurements and others

which may assist maintenance management in evaluating

performance. Of these, only one refers directly to

productivity. Productivity as defined by this formula

measures the man hours documented in the Maintenance Data

Collection System against the total available time to

perform maintenance. For this formula and the others

suggested for use by Attachment #1, see Appendix C.

A The quality of maintenance is the concern of every

individual working in the maintenance complex. The DCH

tasks the Quality Assurance staff function with the

responsibility of assessing equipment condition and

personnel proficiency. This is accomplished through the

Wing Quality Assurance Program (QAP) (68:62,64).

The QAP provides information to the DCH based on

samples of unit equipment and personnel performance gathered

by the inspection process. QA performs Quality Verification

Inspections (QVI), Support Equipment Technical Inspections

(SETI), Special Inspections (SI), document file inspections

for aircraft, acceptance inspections for depot returns and

personnel observations. Together these inspections and
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their evaluation provide a general view of the quality of

maintenance performed by a unit.

QA is the primary technical advisor in a maintenance

unit and it assists unit workcenters in the resolution of

quality problems. It also assists the MIS & A section in

developing a monthly condition summary. The summary

includes trend analysis of inspections and personnel

evaluations, a synopsis of inspection performance and

Detected Safety Violations (DSV) by workcenter, and

recommended corrective action (68:83).

QA is an important function in the management of a

maintenance unit. The level of quality maintained in an

organization reflects directly in its ability to produce

(51:21). MAC's concern for quality is obvious in the

emphasis which is placed on evaluating performance at the

unit level, but for the most part, the quality information

is not passed on to the Major Command. The information is

routed to the Wing commander at the discretion of tnv DCN

(C8:62-71).

Previous Research

The Defense community has been studying productivity

concepts and seeking to improve productivity performance for

some time. Since the subject is included in many different

fields of study, productivity related literature is found in

many disciplines including engineering, accounting,

economics, psychology, operations research and management.
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Additionally, research has been conducted in many different

types of organizations and at different organizational

levels. There are studies of productivity at the DOD level

as well as at the Major Command level. Large groups have

been studied an have individuals and small working groups

(69:68-80). Productivity improvement methods are usually

tailored to meet the needs of specific functional areas or

individual organizations. Those interested in productivity

improvement must find the information for their particular

problem from among hundreds of studies. For this reason,

this review will be limited to the literature pertaining

directly to productivity management in aircraft maintenance

units.

Measurement Methods Productivity measurement has been

approached in a number of ways. Some attempts to measure

productivity in aircraft maintenance units have been

constructed around multivariate effectiveness models. This

approach to the study of organizational effectiveness

attempts to build models which focus on relationships

between important variables as they jointly influence

organizational success. Such integrative models are

generally comprehensive and attempt to account for a larger

proportion of the variance in effectiveness. Additionally,

they typically hypothesize how the variables under study

relate to one another (69:73).
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Macro Measurement In a study contracted by the Office

of Naval Research in 1975, 17 multivariate models of

organizational effectiveness were reviewed (70:10-13). The

models were evaluated in terms of their basic evaluation

criteria, their normative or descriptive nature,

generalizability and derivation. Aircraft maintenance units

were among the organizations to which the models were

applied. Of the problems noted with this approach, the most

significant were related to the overall relevance of the

findings and the level of analysis performed.

The questions asked by the researchers were, "Do the

models enhance the understanding of the daily activities of

organizations" and "do they enable managers to make

predictions which may affect productivity?" The study

concluded that if such models do not contribute to the

understanding of organizational structures, processes or

behavior, they are of little value. Those considered to be

most useful examined relationships between important

variables within a systems framework capable of enhancing

the understanding of organizational dynamics (70:13,14).

The study also noted that among models little

integration was made between macro and micro models of

performance and effectiveness. For example, a study may

concentrate on organizational models or human factors within

an organization, but seldom are the two levels examined as

they contribute to another. Most models dealt exclusively
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on the macro level, ignoring the relationships among

individual measures and productivity. The authors

considered it of paramount importance to be able to tell

managers in specific terms how they can improve their

organization's effectiveness, thereby improving

productivity. They felt the ability to make meaningful

recommendations was not improved by looking at only the

overview (70:14).

Suggestions for future work focused on the examination

of operative goals. This involves identifying the intended

goals of the organization as opposed to its "official goals"

and then measuring the degree to which the intended goals

are being achieved. The contention is that such an approach

reduces reliance on value premises about what an

organization should be doing and relies instead on what it

is actually trying to do (70:15). The challenge, of course,

is to identify the measures of goal achievement in

quantitative terms.

Selection of the most significant variables from among

the countless inputs into a productivity model is a problem

addressed by a large body of research. Between 1972 and

1980, the Air Force Human Resources Laboratory either

contracted or participated in approximately 120 studies

dealing with productivity measurement. From those reviewed

for this research, the majority were concerned with

identifying valid measures to be evaluated. One such study
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conducted by Arizona State University dealt specifically

with Air Force maintenance organizations (69:65-109). Of

the studies reviewed, none dealt with analyzing current

productivity measurement methodology in the aircraft

maintenance environment. Instead, the studies concentrated

on establishing new measurement methods.

Micro-Measurement The Arizona State University

Department of Industrial Management Systems Engineering was

contracted by the Air Force in 1980 to develop a planning

model for Air Force Maintenance Organizations. Performance

prediction equations for maintenance squadrons were

generated using stepwise, multiple regression analysis.

Three independent survey instruments were administered to

samples of up to 180 maintenance technicians for the purpose

of identifying dependent and independent variables to be

used in the model development. Two basic variables were

identified as model outputs; technician performance rate

(speed of work) and performance quality. The models

integrated 48 predictor variables related to performance,

organizational structure, Job tasks and personal

characteristics. The resulting models provided predictions

of squadron performance while emphasizing the significant

factors which contributed to maintenance effectiveness

(71:15-35). The study concentrated on the micro view of

productivity as seen by the technicians involved in the
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daily maintenance activities. The view of the wing and

command level managers were not considered in this research

(71:46).

Integration In October 1980, the Air Force Human

Resources Laboratory released a study by the Maryland Center

for Productivity and Quality of Working Life which

identified productivity measures at both the organizational

and individual level. The object' . of the study were to:

clarify the meaning of productivity as it applies to Air

Force Organizations, describe and critique different

productivity measurement methods, and to describe a

pZ ,cedure for generating productivity measures in Air Force

Organizations.

.The study resulted in several conclusions significant

to productivity measurement in aircraft maintenance units.

Among these was the assertion that an organizational

productivity measurement plan should include multiple

measures of both efficiency and effectiveness.

Additionally, efficiency and effectiveness measures should

be developed for the key facets of mission performance.

Recognizing the unlimited'number of possible productivity

measures, the study suggested care should be given to the

selection of those measures which are Judged to be most

useful to a particular organization (5:76-82). In keeping

with the research obJectives, the study developed a

methodology for g•enratinS vroductivity indicators. The
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results were incorporated into future studies and have been

applied in various forms at Air Force organizations.

However, the study did not address the usefulness of

existing measures of productivity as they relate to desired

productivity improvement.

Apicion In 1987 the University of Houston's

Department of Psychology and Institute for Organizational

Behavior Research conducted a field study using many of the

precepts defined by earlier work (5:19-43). Robert

Pritchard led a research team in developing a productivity

measurement system to be tested at five operational units

in the aircraft maintenance and supply functions of an Air

Force base. The productivity measures derived from the

system were used as a basis for feedback to the units. The

feedback was presented to each unit and used for the purpose

of setting goals and defining incentives (72:35-41).

Results proved to be an effective way to measure and improvv

productivity. The study concluded that feedback increased

productivity substantially and that goal setting enhanced

productivity even more. However, incentives did not seem to

improve productivity over what had already been gained. The

conclusions most important to this research were those

pertaining to the development and application of measures in

the aircraft maintenance unit. P

The Communication/Navigation (Coi/Nav) branch of an

Avionics Maintenance squadron was the test unit for the
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aircraft maintenance function. Meetings were held with the

Com/Nav supervisors to identify outputs and methods of

measurements. The outputs were called products and could be

1 measured both qualitatively and quantitatively. For

example, the supervisors considered one product to be the

quality of repair. They chose to measure the success of

providing this product by examining the number of items that

were returned immediately after repair, and by examining the

percentage of quality control inspections passed by the

workcenter.

After d-veloping a list of products and indicators,

they established contingencies. The term contingency refers

to the relationship between the amount of the indicator and

the effectiveness of that amount of the indicator. This

concept was derived from an earlier work by Tuttle dealing

with productivity (5:76-103). Referring again to the

product, quality of repair, and its indicator, percentage of

passed quality inspections, contingencies establish the best

and worst level of performance expected in that area. Once

these performance limits are established for an indicator,

they are viewed in relation to the affect on the overall

effectiveness of the workcenter. In this way, each

indicator is ranked according to its impact on

organizational performance.

The system worked quite well when tested.

Productivity, as defined by the contingencies, improved
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dramatically. However, a follow-up study on the same

military organization concluded that supervisory interest

had declined and the system had been discontinued (73:69-

115).

The same approach to measurement and enhancement has

been applied to other organizationsa but only ones

characterized by a highly controlled environment, such as a

back shop or pure production function (74:1-18). These

types of organizations are easier to study because of their

controlled routine. However, the need still exists for an

application in a more dynamic work environment. The study

concluded that the primary reason for dropping the program

was the assignment of new managers who did not see the

program's merit. They said that it was too complicated and

demanded too much additional time from supervisors who were

already stressed for time. This follow up study,

highlighted the need for an overall measure of productivity

which would integrate the numerous measures in use, yet not

serve to complicate an already exceedingly complex task.

Productivity management in the Federal Government and

particularly in the DoD is a difficult task. The process

begins by defining productivity in terms of labor output;

however, at the operational level the definition becomes

more complicated as the units seek to measure both

efficiency and effectiveness. The resulting measures are
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numerous and are considered under the umbrella of

performance indicators in general. MAC does not appear to

provide information to the Federal Productivity Measurement

-S Project and the multi-factor approach to productivity

measurement suggested by AFR 25-3 is implemented only at the

Wing level.

The Maintenance Management System in MAC utilizes the

measurement and analysis of maintenance data to monitor unit

performance based on Command standards. However, Command

performance standards address only a few areas which could

be viewed as productivity concerns. The majority of the

responsibility for the evaluation of performance and the

development of standards is left to the operational units.

Many studies have been done on productivity

measurement. Those studies conducted in the military

environment have, for the most part, been concerned with the

micro view--understanding what makes individual workers more

productive. The underlying ides is that if individual

productivity is enhanced, organizational productivity

improvement is sure to follow (5:61-73). Having the

technician's view is indeed important; however, they have a

very limited view of the overall mission of a unit. A more

useful approach for evaluating productivity would be to

identify pertinent measures based on the desired outputs of

maintenance managers in relation to higher headquarters
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objectives. Once this assessment is made, one could then

test the relationships between the individual measures of

productivity and the overall productivity objectives of the

unit. 
t
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IV. Methodoloai

Introduction
.0

This chapter describes the method of research used to

answer the research questions presented in chapter one. The

purpose of this research was to explore the manner by which

aircraft maintenance units measure productivity, identify

the measurement methods in use and to understand their

application. In order to accomplish a complete study of the

problem as stated in the introductory chapter, the research

was conducted in three stages. The first stage consisted of

a background study and review of literature dealing with

productivity management, both in general and more

specifically within the DoD. The second stage of research

consisted of telephone interviews with maintenance managers

in MAC. The interviews were conducted to gain an

understanding of management attitudes toward productivity

measurement and to identify the specific measures

implemented by the MAC wings. Finally, specific measurement

data# identified by the interviews, were statistically

analyzed. These exploratory efforts provided the

information necessary to understand the theoretical

relationships of the identified measures and suggest

alternative methods for productivity measurement in aircraft

maintenance units.
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Stage 1: Backtround Study

The background study was conducted to identify the

development of productivity management through historical

review of management concepts, various definitions of

productivity and current applications within the private

sector. Implicit in the background study was the

identification of measurement methods and their application

as a part of productivity management. The sources for the

background study were management texts, and Journal

articles.

After establishing an understanding of productivity

management in the private sector, the researcher reviewed

government documents establishing guidelines for

productivity management within the public sector and

specifically within the DoD. Directives and regulations

were reviewed through each level of management from the

Office of the President of the United States to the HAC

aircraft maintenance units at the wing level. Additionally,

DTIC documents were reviewed in order to determine what

other research had been done in the area of productivity

management within the DoD and specifically what research

pertained to Air Force aircraft maintenance. The purpose of

the literature review was to offer a comparison of

productivity management methods in the DoD and to identify

the measurement criteria at each level of command.
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Stage 2: Interviews

Having developed a baseline of productivity management

measures and applications in both the private sector and the

4 DoD, the next logical step in the research was to determine

how these measures were actually being applied within the

MAC maintenance units. An interview instrument was

developed and tested for this purpose. The researcher chose

to use a structured interview but used open ended questions

so that each answer could be explained fully and to ensure

the respondent understood each question. The interview

instrument was reviewed by AFIT faculty and revised to

improve its content validity. A pretest of the instrument

was then conducted at the 2750th Test Wing at Wright-

Patterson AFB, Ohio. The Wing DCM and the chief of the

maintenance analysis section were interviewed and further

revisions made to the instrument. These revisions were

intended to ensure the respondents understood productivity

terms as defined by the Air Force. This strengthened the

construct validity of the instrument. The resulting set of

questions is included as Appendix S.

After initial interviews at the MAC headquarters to

determine the flow of productivity information within the

command, the comptroller, programs and resources and

logistics directorates were contacted. Telephone interviews

were scheduled with these directorates to establish how each

interacted with the wings to monitor the command's
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productivity and to determine how the information from each

directorate came together at the headquarters level.

Telephone interviews were then conducted with

maintenance managers at ten MAC wings. The individuals

contacted were Deputy Commanders for Maintenance or their

designees and the Chiefs of the Wing Maintenance Analysis

sections. The purpose of the interviews was to identify the

measures in use at the wing level and to understand how the

broadly defined concepts presented in the background study

and literature review were actually being implemented. The

DCM interviews gave an indication of the direction

productivity management in each Wing was taking while the

interviews with the Chiefs of Maintenance Analysis indicated

specifically how these directions were being pursued.

Stage 3: Detailed Data Collection and Analysis

Evaluation of the measures specified in stage two as

being used at the Wing level to manage productivity was

conducted in three parts; data collection, quantitative

analysis and qualitative analysis. The purpose of this

analysis was to identify those measures most significant for

the assessment of an aircraft maintenance units

productivity.

It was necessary as part of this analysis to categorize

each identified measure as either an input or an output. As

stated in chapter III, the DOr definition of productivity is

a ratio of inputs to outputs. Outputs are defined as the
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final products produced or services rendered in a measurable

functional area. Inputs are defined as the amount of

resources utilized to produce an output (63:34). Bcause it

was unclear which of the identified measures was intended to

be the best indicator of a unit's productivity, each measure

categorized an an output was used as the dependant variable

in a series of regression equations. The remaining measures

functioned as independent variables.

From the information gathered by the telephone

interviews, the thirteen most commonly used measures were

identified. Of the ten wings interviewed, six were chosen

to contribute data because they were networked into a

central database management system monitored at HQ MAC.

This made the data collection easier to accomplish because

it could be gathered at one location. The remaining wings

utilized local data systems which would have to be accessed.

individually. The time constraints of this research

precluded gathering data from these wings.

Using the information gathered in the interviews and

the researcher's personal experience of ten years in MAC

aircraft maintenance, a logical model was developed. The

purpose of the model was to categorize the thirteen measures

as either inputs or outputs according to the DOD

productivity definition and to establish the relationships

among them. The model was then verified and validated

through review by a total of five students and instructors



at AFIT with experience in the aircraft maintenance career

field. Suggested changes were made to the model based on

their input and logical explanations were developed for each

association of measures within the model. The basic intent

was to establish preliminary theory as to how each measure

contributed to the overall assessment of productivity within

the maintenance units.

A correlation matrix of all the variables was

programmed in the System for Elementary Statistical Analysis

(SAS). The resulting associations served to either confirm

or question the relationships among the measures first

purposed by the logical model. Additionally, conclusions

were drawn to identify redundant measures by logical

interpretation of the matrix. The basic rationale for

identifying redundancy was that if two measures were highly

correlated with a third, and the two measures were highly

correlated with each other, then the measures might be

redundant (or collinear). Those measures seeming to

indicate redundancy were then logically evaluated to

determine if both assessed the same aspect of productivity.

If so, the redundant measures were considered as candidates

for elimination from the productivity models.

The next step was to revise the model to include only

those measures which contributed best to the assessment of

productivity. This step was performed by confirming the

findings of the correlation analysis with an additional test
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using stepwise regression. To confirm the validity of the

basic ascumption concerning redundant measures, all measures

were regressed to each output measure. Stepwise regression

using the backward elimination procedure was performed for

the purpose of retaining only those measures which most

significantly explained the variation of each output

measure. The backward elimination process was used because

it began with all the measures and eliminated each one as it

was tested by itself and in interaction with the others. If

more than one independent measure contributed in the same

manner to the output measure, only that which contributed

most significantly would be retained in the model. The

measures which remained in the model were assumed to

contribute the most to the explanation of the output

(dependent) measure.

A stepwise regression was performed for each of the six

measures identified as outputs. The model which was

indicated to be most useful to explain the relationships of

the various measures was compared to the original logical

model. As the relationships of the variables were either

confirmed or questioned, logical explanations were sought

for practical validation. The output measure and

contributing measures which tested most useful were

determined to represent "The Productivity Model." The most

significant output measure was substituted for productivity

and the contributing measures wore determined to be the best
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inputs to productivity in the context of this study.

Finally, the revised model was tested for interaction among

the measures and residual analysis was performed. The

analysis of the residual plots for each measure confirmed or

questioned the validity of the final logical model and

further established the model's
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Figure 2 Stepwise Regression Analysis for Productivity
Measures.

usefulness. Figure 2 demonstrates the logical flow of the

preceding analysis.

The critical interpretation of the information gathered

from the qualitative and quantitative analysis of the

research data was accomplished by comparing the research

findings to the information in the background study and

literature review. A final comparison of the analysis

results to what was learned about productivity in the public
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sector established the basis for conclusions and

recommendations concerning the stated problem in keeping

with the research objectives.

This study was conducted to explore the method of

productivity management in aircraft maintenance units in the

Military Airlift Command. The background study and

literature review established the level of concern for

productivity management in both the private and public

sectors of the economy. Additionally, the methods of

productivity management employed in the DOD and the U.S. Air

Force were explored with emphasis on the identification of

the required measurement methods as they are implemented at

each level of command. Having established a baseline of

information, maintenance managers from ten MAC wings were

interviewed to identify how productivity is measured at the

wing level and to establish how these measures ere utilized

for productivity management. As a result of these

interviews, thirteen measures were identified and

statistically analyzed. Simple correlation and stepwise

regression were used to establish the relationships among

the variables and to eliminate redundancy. The remaining

measures were evaluated as to their logical usefulness for

the explanation of productivity in aircraft maintenance

units.
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V. FINDINGS AND ANALYSIS

Introduction

This chapter presents the answers to the research

questions posed in chapter I. The sources used to gather

data consisted of a background study, literature review and

telephone interviews. The review of regulatory guidance

provided a view of current methodology for productivity

measurement in the Military Airlift Command. Telephone

interviews conducted with MAC maintenance managers confirmed

the measurement methods actually used at the Wing level and

established the flow of productivity information to the

Major Command headquarters. Once the measurements were

identified, six months of data for each measurement was

gathered from the various wings and analyzed to determine

the relationships among the measures as they effect

productivity in aircraft maintenance units.

Current Productivity Measurement

Productivity management in the Federal Government is

concerned with labor output. The presidential order which

serves as the primary guidance for productivity improvement

defines productivity as the efficient use of government

resources to produce a desired output in the form of goods

and services. Each DOD component gathers labor hour data

and reports it to the Bureau of Labor Statistics to be used

in conjunction with data from the private sector. Together
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these data inputs yield a national productivity figure for a

given year.

Productivity data from the DOD components are gathered

by functional area from existing data systems. Those

gathered to measure Air Force aircraft maintenance

productivity are primarily in the areas of intermediate and

depot maintenance actions. These data are gathered from the

Air Force Logistics Command and ind!:ated by the number of

items processed. The data is routed through the Air Staff

where it is verified, compiled and submitted to the Bureau

of labor Statistics.

In addition to the macro measurement of labor

productivity, each Major command is responsible for

establishing productivity goals and developing programs for

managing productivity in compliance with APR 25-3. The

maintenance management system in MAC utilizes the

measurement and analysis of maintenance data to improve unit

performance based on Command standards. The Command

standards deal specifically with departure reliability and

mission capable rates. The responsibility for development

and evaluation of performance standards which contribute to

the effective and efficient performance of the operational

mission is left to the operational units.

Each operational wing in MAC must comply with MACR 66-1

which establishes the maintenance management system.

Included in this regulation are a number of suggested
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measures to assist in performance evaluation and

enhancement.

Because of the broad definition of productivity as a

measure of both efficiency and effectiveness, several

measures are used by each wing maintenance activity. It is

up to the unit to define the measures which help to evaluate

the accomplishment of unit objectives.

Interview Conduct

Telephone interviews were conducted with wing level

maintenance managers and directorate level managers at 1IQ

MAC. Wing Deputy Commanders for Maintenance or those whom

they designate and Chiefs of the maintenance data analysis

sections were asked a series of questions to establish the

level of familiarity with productivity initiatives in the

Air Force, identify specific productivity measures used by

aircraft maintenance units and to explain their opinions

concerning productivity management at the wing level.

Managers within the comptroller, programs and resources and

logistics directorates were asked the same series of

questions to establish the flow of information from the

wings to the HQ and how the information is used once

received.

Twenty three interviews were conducted. Three were

conducted within the Directorates at HQ MAC while the

remaining twenty were split evenly among DCM's and Chief's

of analysis at ten MAC Wings. The following narratives are
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summaries of the responses dealing specifically with the

research questions as presented in chapter I.

Interview Findin&A

Research Question 1: Are aircraft maintenance

managers familiar with Air Force guidance concerning

productivity measurement?

Finding 1: Fifty percent of those interviewed were not

familiar with AFR 25-3, the Air Force Productivity

Enhancement Program. Of those familiar with the regulation,

the majority thought of it as a continuation of the Model

Installation and Suggestion programs. There was no detailed

knowledge of regulatory guidance for the measurement of

productivity at either the Major Command or Wing level.

When asked which aspect of productivity concerned them

most, efficiency or effectiveness, the responses varied by

functional grouping. The DCH's responded overwhelmingly

that effectiveness was the primary issue in productivity

measurement. The maintenance data analysts and HQ level

managers felt both issues were of equal importance. In

general, all groups agreed that efficiency would become

increasingly important with the current defense reduction.

Thirteen of the twenty three respondents coneiderea

productivity measurement to be an important issue. They

believe quantitative measurement of maintenance data to be

the only valid method of tracking the overall performance of

a unit. Those who did not consider productivity measurement
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to be an important issue cited problems with the Maintenance

Data Collection System. Many felt the MDC system was too

subject to error for the resulting measures to be truly

valid. The respondent from the Comptroller Directorate

explained that aircraft maintenance had little input to the

command level productivity picture. He claimed productivity

is a function of cost and is measured by the ratio of cost

per unit of support. Although the aircraft maintenance

function does factor into the cost of support, productivity

management emphasis is placed on cost management as opposed

to the individual support processes.

Research Question 2: What methods of productivity

measurement have been specified by regulation for aircraft

maintenance units?

Finding 2: The respondent from the Comptroller

Directorate was the only one from the HQ level aware of a

specified measure for aircraft maintenance productivity.

Supply cost per flying hour is the input associated with

aircraft maintenance. It is reported by the Resource

manager at each wing to HQ MAC. The DCM's did not have

specific knowledge of required measures, but felt that

departure reliability and mission capable rates were the

measures of greatest concern to MAC. The maintenanco data

analysts referred to MACR 66-1, Volume II as listing the

requirements for productivity measurement. Paragraph 4-14

of this regulation lists seven reports which must be
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generated for inclusion in the monthly maintenance digest.

These reports are viewed by maintenance managers as meass -ea

of productivity. For the remainder of this study the

reports will be referred to an productivity measures.

The required measures of productivity are:

1. manhour per flying hour

2. cannibalization actions per aircraft

3. awaiting maintenance discrepancies

4. awaiting parts discrepancies

5. maintenance air aborts

6. base self sufficiency

7. high component failures/work hour consumers

Research Question 3: Which of the specified methods of

productivity measurement are actually implemented?

Finding 3: The purpose of this question was to

discover if the measures actually in use at the wing level

were consistent with regulatory guidance; therefore, only

wing level responses were recorded. The majority of

respondents in both functional groups at the wing level

stated that all required measures were reported and used by

maintenance managers. The remaining respondents agreed that

all required measures are reported, but they asserted that

their actual use is situational. For example, if awaiting

maintenance discrepancies exhibit an upward trend over time,

only then do they become an item of interest. They also

cautioned that no measure should be used in isolation for
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productivity measurement. All respondents agreed that the

measures in use must be viewed together as in the multi-

factored approach.

Research Question 4: Are there methods of productivity

measurement used by aircraft maintenance organizations other

than those specified by regulation?

Finding 4: There are measures in use in addition to

those required by regulation. Mission capable rates and

departure reliability rates, although not included in the

list of required measures, are reported by every MAC wing.

Departure reliability has been the traditional measure of

effectiveness in MAC. However, in an effort to standardize

the mea3ure of effectiveness across commands in the Air

Force, mission capable rates have been increasingly

emphasized. Appendix F exhibits the correspondence between

the Department of the Air Force and HQ MAC which established

the requirement for this emphasis. Appendix G lists the

measures gathered and reported by each wing interviewed.

Statistical Analysis and Findings

Research Question 5: What are the nature and strength

of the relationships among the measures implemented by

aircraft maintenance organizations?

Finding 5: To answer this question the thirteen most

common measures used by MAC aircraft maintenance units were

chosen and categorized as either input or output measures

contributing to an overall measure of productivity as
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explained in chapter IV. A logical model was developed

from these measures and validated by the statistical

analysis of data gathered in each measurement area.

A Priori Logical Analysis. The logical model presented

in Figure 3 is a representation of the thirteen productivity

measures most used by MAC. In parenthesis, between each

measure, is a negative or positive symbol which represents

the logical relationships among the measures.

10 11 12IO) IIC.)

L -)•-

)C-)

6 13

Figure 37 A Priori Logical Model for 14AC Prod-u-ctivity

Measures

The absence of a symbol between measures (e.g. 1 and 7)

indicates that the relationship was not apparent to the

researcher.
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Table 2 MAC Productivity Measures

OUTPUT

Nomenclature Variable name

labor hour/flying hour marl

mission capable rate mar2

repeat/reoccurring mar7
discrepancies

maintenance scheduling msr8

effectiveness

maintenance air aborts msr9

homestation reliability marl0

enroute reliability msr11

training reliability murl2

INPUT

Nomenclature Variable name

cannibalization msr3

awaiting maintenancu masr4
discrepancies

awaiting parts msr5
discrepancies

average possessed aircraft msr6

base self sufficiency mar13
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lasurement categories. The preceeding table exhibits

the thirteen measures chosen for analysis. The nomenclature

and corresponding variable name is identified for each

measure. Additionally, the table exhibits how each measure

was categorized as input or output in terms of its

contribution to the basic productivity definition.

Recognizing the complexity of the relationships among

the measures shown, the model in Figure 3 is simplified to

show those relationships that are most obvious. The model

assumes that the measures positioned at the lower levels of

the figure contribute to those positioned above them. The

measures at the bottom of the figure are considered to be

the basic inputs which contribute to each measure above as

indicated by the connecting lines. The measures at the top

of the figure are the final outputs of the model.

Base self sufficiency (msr13) is the measure of a units

ability to repair assets and return them to use. Msr13 and

the average number of possessed aircraft (msr6) represent

the basic model inputs. These measures will affect all

other measures in the model, either directly, as in msr5 or

through other measures, as in marl.

Awaiting parts discrepancies (msr5) are aircraft

discrepancies which have been troubleshot by maintenance

personnel, but cannot be repaired until a specific part is

received from supply. This measure represents the

responsiveness of the supply system to maintenance
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requirements. It is directly affected by marl3 and mar6.

The number of possessed aircraft at any given time (asrS)

will affect the number of awaiting parts discrepancies by

increasing or decreasing the demand for parts from supply.

F rthermore, as the base intermediate repair facilities

eturn more items to use (marl3) the demand on supply is

reduced which in turn reduces the number of awaiting parts

discrepancies.

The average number of aircraft possessed by a wing

(msr6) and the awaiting parts discrepancies (msrS)

contribute to the number of discrepancies awaiting

maintenance (msr4). Discrepancies awaiting parts become

awaiting maintenance once the parts are received and until

the repair task is completed. Also, because an aircraft

system may be awaiting parts for one component while other

components in the system also require maintenance, the

repair of the entire system (all bad components) may not be

accomplished until the part in question is received. Each

aircraft possessed by a wing represents some potential

number of maintenance tasks. The number of tasks increase

or decrease with the number of aircraft possessed (msr6) as

do the number of discrepancies awaiting parts (masr5) and

maintenance (msr4).

Manhour per flying hour (masrl) represents the

maintenance effort expended to sustain an aircraft for one

hour of flight. The model indicates that awaiting
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maintenance discrepancies (msr4) and the number of

cannibalization per aircraft (msr3) have a direct affect on

marl. These measures represent the total maintenance

effort. All awaiting maintenance discrepancies represent

potential manhour consuming tasks. Likewise, every

completed task was at one time recorded as an item awaiting

maintenance. Therefore, an increase in msr4 will cause in

increase in marl.

Cannibalizations are a result of the inability of

supply to provide the needed parts. An increase in msr5 may

result in an increase in msr3 as parts are taken from other

aircraft to make up for the lack of parts in the supply

system. These cannibalization actions add to the manhour

per flying hour rate for a given wing.

The next level of relationships in the model is

somewhat unclear. The model shows that marl contributes to

mission capable rates (msr2) via repeat/reoccurring

discrepancies (marl), maintenance scheduling effectiveness

(msrS), and maintenance air aborts (msr9). However, it is

unclear whether the net relationships are positive or

negative. For example, does more maintenance effort (msrl)

decrease the number of repeat/reoccurring discrepancies

(msrl), or does the increased requirement for maintenance

suggested by a higher manhour per flying hour rate increase

repeat/ reoccurring discrepancies? Maintenance scheduling

effectiveness (msrS) measures a unit's ability to meet the
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periodic maintenance schedule. Maintenance air aborts

(msr9) are those aircraft which must return to base because

of maintenance problems encountered after takeoff.

Measures seven, eight and nine directly affect the

mission capable rate (msr2). As repeat/reoccurring

discrepancies and maintenance air aborts increase, a unit's

ability to provide mission capable aircraft is decreased.

However, maintenance scheduling effectiveness positively

affects mission capable rates. Aircraft are required to be

inspected and maintained at certain intervals. The aircraft

cannot be declared mission capable if these periodic

insrections and the resulting maintenance is not completed.

The upper portion of the model represents the final

output of the total maintenance effort. Departure

reliability rates are the traditional measure of maintenance

productivity in MAC. Homestation, enroute and training

departure reliability are represented in the model as msrlO,

msr1l and msr12 respectively. Mission capable rates (msr2'

impact each of the departure reliability rates for any given

wing. The more aircraft a unit has ready to perform the

required mission, the more likely the aircraft will takeoff

on time. On time takeoffs are the bottom line measure of a

units productivity in terms of effectiveness.

Correlational Analysis. Figure 4 exhibits a comparison

of the a priori logical model and the same model after

correlational analy2is. The numbers on the right-hand model
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represent the actual strength and nature of the original

relationships. The correlation matrix from which these

figures were extracted is presented in Appendix H.

,o ,o, 1,,

(0) C ) 01

Figure 4 A Comparison of the Logical Rodel Before and After
Correlational Analysis

It is readily apparent that associations assumed to be

logical in the priori model are not uniformly upheld by the'

correlational analysis. Ten of the thirteen posited

relationships appeared to be either strongly or marginally

supported. However, the a priori model suggests a positive

relationship between msr6 and mar5, while the correlation

analysis exhibits a negative relationship between these

measures. This relationship indicates that awaiting parts

discrepancies increase as average possessed aircraft

decrease. Likewise, the relationships shown between masr2

and mar?, and msr2 and msr9 after correlational analysis do

not agree with the general understanding of these measures.
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The correlations suggest that the associations between these

measures are positive. In other words, as repeat/

reoccurring discrepancies and maintenance air aborts

increase, the unit's mission capable rates seem to increase.

Another observation to be made from the comparison of

these models is the relatively weak correlations among some

measures. The a priori model is based upon the assumption

that these measures have significant associations. Logic

suggests that the association between average possessed

aircraft and awaiting maintenance discrepancies is

reasonably strong. As a unit possesses more aircraft the

requirement for maintenance tasks will most likely increase

which will in turn increase the number of awaiting

maintenance discrepancies. However, the correlational

analysis shows the association between these measures to be

very weak. Insteadg the strongest association with awaiting

maintenance discrepancies seems to be cannibalization.

In light of these counter-intuitive findings, the

analysis suggests that the associations between the measures

are either much more complex than originally thought or that

many of the measures may provide redundant information.

After viewing the correlation matrix presented in Appendix

H, redundancies appeared possible between the following

pairs of variables:
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1. mission capable rates and cannibalization

(-.552)

2. cannibalization and awaiting parts

discrepancies (.664)

3. enroute and training reliability (.348)

The above information suggests that mission capable

rates, cannibalization and awaiting parts discrepancies may

largely overlap in terms of the information they convey to

managers. Having understood that awaiting parts

discrepancies are an indication of supply's ability to

provide the needed parts to maintenance, it follows that

cannibalization and mission capable rates may be considered

follow-on indicators of supply support.

.Reliability rates measure the overall effectiveness of

a units maintenance effort. Traditionally, homestation

reliability has been the primary performance indicator for a

MAC wing. However, homestation reliability can be

manipulated by the local maintenance managers.

Cannibalization of parts, replacing aircraft with scheduled

spares and expediting priority tasks are all ways of

ensuring high homestation reliability rates.

Enroute reliability is more of an indication of an

aircraft ability to perform the mission because it is not

subject to the same level of manipulation. Therefore,

enroute reliability rates may be a better indicator of the

quality of maintenance performed at homestation as it
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sustains the aircraft in the system. Training reliability

has the lowest priority at homestation. A high training

reliability rate also indicates high quality maintenance.

If the low priority missions ar, reliable, then the overall

reliability of the unit's aircraft will likely be high as

well. Consequently, both training and enroute reliability

rates may be good indicators of a unit's maintenance

effectiveness and quality level.

Research Question 6: Of the measures implemented by

aircraft maintenance organizations, which contribute most

significantly to explaining maintenance productivity?

Finding 6: Stepwise regression was used to evaluate

the model which best described a maintenance units

productivity. Redundant measures do not appear in the

resulting models because the stepwise elimination of the

measures will retain only those that are most significant.

Several models were tested. Table 3 exhibits the dependant

variable, the significant measures, R-square and global F

values for each model tested. The regression analysis

output is presented in Appendix I.

The information in Table 3 exhibits the most

significant measures for each of the output measures

identified. Of the eight models tested, manhour per flying

hour has the highest R square and global F values. The R

square value of 95% represents the fraction of the sample

variation of the dependent variable that is attributable to
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Table 3 Comparison of Stepwise Regression Results for MAC
Productivity Measures

DEPENDANT VAR. SIGNIFICANT MEASURES Requare Global F
(productivity) (0.01 level of sig.) (prob>F)

manhour/flying hr Base 1,3,4,5,6 0.959 79.63
( marl ) msr2 (0.0001)

mar8

mission capable Base 1,2,3,6 0.734 13.48
rates (msr2) mar3 (0.0001)

masr4
mar5
mar8

repeat/reoccurring Base 1,2,3,4,6,7 0.828 17.90
discrepancies msr2 (0.0001)

(msr7) msr4
msr6

maintenance ached Base 3,6,7 0.562 13.84
effectiveness msr5 (0.0001)

(mar8)

maintenance air none 0 0
aborts (asrG)

homestation rel. Base 8 0.429 5.84
(msr10) msr5 (0.0013)

msr8
msrl3

enroute rel. Base 1,3,4,5,6 0.588 5.73
(msrll) masr4 (0.0003)

training rel. Base 1,3,6 0.515 6.08
(mar12) msr3 (0.0001)

*sr4
asrSmarl3
mar13
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the dependant variables in the regression model. In

general, the larger the R square value is, the better the

model fits the data. The global F statistic is the result

of the test of global usefulness for each model. According

to the information in table 3, 80% of the variability of the

data is explained by the manhour per flying hour model with

a 99% level of confidence. The form of this model is shown

as:

productivity: marl 71.27 + 125.45 bl - 19.16 b3 -
22.58 b4 - 32.09 b5 - 31.99 b6 - .4718
msr2 + .1317 msr8

Not surprisingly, this equation seems to indicate that

the model is highly dependant on differences among the

various bases from which the data was gathered. This

suggests that factors unique to a given base strongly affect

the productivity of a unit. Identifying these factors is an

area for future research. The information of interest to

this study is the indication that mission capable rates and

maintenance scheduling effectiveness are the measures which

best explain manhour per flying hour and may therefore be

the most useful indicators of a unit's productivity.

However, mission capable rates and maintenance scheduling

effectiveness are among the measures classified as outputs.

Therefore, it is important to address these measures in the

context of the inputs which contribute to their development.

If managers understand which inputs are most significant to
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these measures, they may be able to control their effect on

the unit's productivity.

Table 3 indicates that mission capable rates are most

significantly affected by cannibalisation rates (msr3),

awaiting maintenance and awaiting parts discrepancies (msr4

and msr5) and average possessed aircraft (msr6).

Additionally, maintenance scheduling effectiveness is

affected most significantly by the number of discrepancies

awaiting parts (mar5). These measures are indicated by the

models determined to be the third and fourth most

significant models in the table. When these relationships

are combined with those identified in the manhour per flying

hour model, a more complete model emerges. The R square and

global F values are not as strong for these models as for

the manhour per flying hour model which substantiates the

supposition that other measures contribute to the overall

output from a subordinate level.

Figure 5 shows the logical model resulting from this

analysis in comparison to the a priori logical model.

Further piecewise additions to this model would seem

inappropriate due to the rapidly decreasing statistical

significance of the regression models produced and an

absence of apparent rationale for how these models relate to

each other or to the overall model produced thus far. The

final logical model exhibits the three output measures most

,ignificant from among the seven shown a priori. Four of
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the original five inputs remain. Understanding which

outputs are most significant and identifying the

contributing inputs may enable the maintenance manager to

more effectively focus on areas which enhance productivity. p
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Figure 5 Comparing the A Priori Model With The Final
Logical Model for MAC Aircraft Maintenance Units

The research conducted to support this study provided

significant insight into productivity measurement in MAC

aircraft maintenance units. MAC requires each unit to

publish a monthly maintenance digest containing at least

seven management reports. Each unit publishes additional

reports according to local concerns and includes them with
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the ones required by MAC. These reports are collectively

viewed as productivity indicators and used for trend

analysis.

Thirteen of the most commonly used productivity

measures were chosen for statistical analysis. An a priori

logical model was developed to explain the currently assumed

associations of the measures as they relate to maintenance

productivity. The assumed associations of the measures were

largely, but not completely supported by the statistical

analysis. Regression models were developed to isolate the

measures which best explain productivity as defined by the

DOD and stepwise elimination reduced the contributing

measures to those most significant. A combination of three

regression models produced a revised overall productivity

model.

Chapter VI, Conclusions and Recommendations, will

further explain the outcome of this research. Based on the

literature review, responses to interviews, and statistical

analysis, conclusions are drawn and recommendations made.

Also, suggested topics for further research in the area of

aircraft maintenance productivity are addressed.
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VI. Conclusions and Recommendations

Introduction f

This research effort was undertaken to explore

productivity measurement in aircraft maintenance units,

specifically focusing on the Military Airlift Command. This

chapter details the conclusions drawn from the findings and

analysis of the research questions presented in chapter one.

The conclusions are based on effective compliance with

regulatory guidance as well as integration of current DOD

productivity measurement methodology with industrial trends.

Further discussion of the conclusions provides additional

insight into the problems faced by MAC in the effective

measurement and management of aircraft maintenance

productivity. Additionally, the current trends in

productivity management as discussed in the background

chapter are briefly applied to the research findings.

Recommendations are made for the improvement of productivity

measurement in aircraft maintenance units and for future

research to be conducted in this important area.

Qonclusions

1. Aircraft maintenance managers in MAC are not

familiar with the Air Force guidance concerning productivity

measurement. Therefore, measurement methods and application

are inconsistent and do not support the intent of the

108



Productivity Improvement Program for the Federal Government

as directed by the President.

2. The seven reports required by MACR 66-1 Volume II

for inclusion in the monthly maintenance digests of each MAC

wing were used as sources for productivity information in

this research. However, there are no specific productivity

indices for aircraft maintenance in use in MAC. Instead,

the information reported is used together as a kind of

multi-factor measure of performance in general. The

significance assigned to each measure in performance

evaluation is not consistent among the wings and there is no

clear guidance in this regard established from within the

Major Command.

"3. Each wing gathers data and reports information in

addition to that which is required by MACR 66-1. These

reported measures may indicate the information important to

the local maintenance managers. The application of these

measures to the productivity management of a wing is not

dictated by MAC. However, these measures are included in

the digest forwarded to the numbered Air Forces and

headquarters.

4. The nature and strength of the relationships among

the measures implemented by aircraft maintenance

organizations are not readily apparent. There is no

regulatory guidance available to managers for critical

interpretation of these relationships as they apply to
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productivity. Therefore, emphasis placed on management

initiatives as a result of the information yielded by these

measures may be inconsistent with the intent of the Air

Force Productivity Improvement Program. This research

attempts to establish the nature and strength of the

relationships in the absence of regulatory guidance. The

results of this effort were presented in Chapter V, Findings

and Analysis.

5. Of the thirteen measures evaluated, eight produced

the strongest explainable model reflecting maintenance

productivity. Manhours per flying hour was the predominant

output when viewed as a result of the influence of mission

capable rates and maintenance scheduling effectiveness.

Cannibalization rates, delayed discrepancies (both awaiting

parts and awaiting maintenance) and the average number of

possessed aircraft were the inputs which which appeared to

contribute most significantly to mission capable rates and

maintenance scheduling effectiveness. By understanding the

relationships among these measures and monitoring their

interaction, a manager may be better able to positively

influence a maintenance unit's productivity.

Further Discussion

Current Productivity Hanafement. As stated in the

first conclusion, MAC maintenance managers are not familiar

with the Air Force guidance concerning productivity

measurement. Although they recognize a need for managing
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issues of both efficiency and effectiveness, for the most
*

part they are concerned with mission effectiveness only. In

the words of one DCH, "The bottom line is providing the

airframes necessary to launch the required missions on

time."

There is not a clear method for relating the various

productivity measures to an evaluation of the overall

performance of a MAC wing. Although MACR 173-1 specifies

the standards for particular measures, there is no current

guidance for viewing the relationships of the numerous

measures used in the command and the assumed associations of

the measures are not fully supported by the quantitative

analysis of this research. Instead, non-intuitive

associations emerge for consideration in the evaluation of

maintenance productivity.

There is not a standardized method to evaluate

maintenance productivity as defined by the Air Force. The

effectiveness measure used most often is departure

reliability. It not only impacts the operational mission,

but this research suggests it also contributes significantly

to a unit's ability to meet the maintenance schedule. If

aircraft depart homestation on time and continue through the

enroute system as scheduled, their timely return to

homestation allows the maintenance schedule to proceed as

planned. This, in turn, contributes to the preventive
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maintenance effort necessary to provide reliable aircraft to

the user.

Mission capable rates have been identified by the DOD

as the measure of a maintenance unit's effectiveness which

should be standardized across commands. It is the measure

used to justify spare parts acquisition for the weapon

systems and is, therefore, of great concern to the Major

Commands. This research suggests that a high mission

capable rate contributes significantly to a unit's

productivity as measured by manhours per flying hour.

Efficiency is a secondary concern to many unit level

maintenance managers. Because of the perception of

unlimited resources available through ACIF funding, budget

concerns are minimal. Instead, efficiency is viewed in the

context of quality. Maintenance air aborts seem to be the

quality indicator most significant to Major Command level

managers, while wing Maintenance managers are also concerned

with repeat/reoccurring discrepancies.

Product- -_y measurement methodology in the DOD remains

consistent until it reaches the major command level. Both

the DOD and Air Staff measure productivity in terms of labor

hours and the cost associated with providing defense

services to the American public. However, the major

commands do not report this information to Air Staff.

Instead, the maintenance productivity indicator is reported

as units processed through the depots and subsystems
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processed through intermediate level shops at the various

wings. This information is reported by the Air Force

Logistics Command (AFLC) through retrieval of data from the

Maintenance Data Collection System. The command level

productivity measures are multi-factored and serve primarily

as spares level Justification rather than indications of

performance. The lack of association of the command level

maintenance productivity measures with the higher

headquarters summary of manyears by functional element

creates a lack of continuity in the overall productivity

enhancement programs as outlined in AFR 25-3 and DOD

directive 5010.34.

Ayrlication of Private Sector Trends to Research

F.ind;•ngLs The relationships among the measures identified

by this research can be viewed from the perspective of

Ooldratt's Theory of Constraints. Because the periodic

maintenance schedule must be met before aircraft are

considered mission capable, these scheduled maintenance

activities can be identified as the constraint in the

process of providing mission capable aircraft to the user.

The maintenance manager must decide how to exploit this

constraint. In other words, how can the maintenance

schedule Le most effectively met without changing the

existing flow? Once this question has been answered all

activities could be subordinated to maximizing the flow of

aircraft through scheduled maintenance activities. Ooldratt
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defines productivity as all the actions that bring a company

closer to its goal (38:58). If the goal of an aircraft

maintenance unit is to provide a service to the user,

manhour per flying hour may be the best measure of all the

activities undertaken to meet the goal. Having more than

the required •|umber of aircraft mission capable is similar

to having finished inventory stockpiled in an industrial

environment. The additional airframes represent more

manhours expended# but do not contribute any more to meeting

the mission objectives or ",he goal".

Deming's emphasis on quality as it affects productivity

is also relevant to this research. The identified quality

indicators, repeat/reoccurring discrepancies and maintenance

air aborts, are briefed by exception and are subject to

influences from areas beyond the control of maintenance.

For example, maintenance air aborts are highly dependant on

the aircrews. One crew may fly an aircraft with a

malfunction when another crew would abort the mission. The

decision of whether to abort or not in totally up to the

aircraft commander. An increase in maintenance air aborts

or repeat reoccurring discrepancies indicates a problem

already exists, whereas analysis of manhour per flying hour

rates may provide information for preventive action. The

emphasis should then become doing things right the first

time. Tracking manhour per flying hour rates in relation to

quality inspections might yield a useful composite measure

of a unit's productivity.
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Recommendations

1. MAC aircraft maintenance managers should become

familiar with guidance concerning productivity measurement

at the command level as it contributes to the total

productivity improvement effort.

2. The MAC supplement to AFR 25-3 should be expanded

to provide specific guidance for productivity enhancement

initiatives for the airlift environment. These initiatives

should be consistent with higher headquarters guidance and

conform to the intent of the Productivity Improvement

Program in the Federal Government.

3. Measurement criteria should be standardized

throughout the command and sufficiently detailed to limit

the chance for inaccurate data reporting.

4. Each wing should focus on monitoring and reporting

manhours per flying hours, mission capable status,

maintenance scheduling effectiveness, cannibalization rates,

delayed discrepancies and the average number of possessed

aircraft when evaluating aircraft maintenance productivity.

Suaegsted Research Efforts

Three areas appear to provide great potential for

identifying and enhancing productivity measures for aircraft

maintenance units. First, a continuation of the methodology

of this research in the other Air Force Major Commands would
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serve to further validate the research findings. However,

any further research of this nature should work with a

larger data set. Because of the exploratory nature of this

research, the data was limited to a six month period.

Future research efforts in this area should seek to obtain

as much data as possible.

A second area for future study is the effect of the

different base environments on the measure of productivity.

This research indicted that productivity performance was

highly dependant on differences among the bases being

measured. Empirical studies are warranted to identify the

characteristics of the different bases which contribute to

productivity.

Another area of study which would be very significant

to aircraft maintenance processes in general, is an

application of Goldratt's Thoughtware simulation software to

the findings of this study. The simulation of a typical

maintenance process at the wing level and the manipulation

of the subordinate processes utilizing the Theory of

Constraints will test the validity of the findings of this

study and may suggest more useful methods of productivity

management than those which are currently being used.

This research was undertaken to explore productivity

measurement in aircraft maintenance units and to examine the
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relationships of the measures used to evaluate a unit's

productivity. Review of current literature and regulatory

guidance concerning productivity measurement provided the

4 basis for the development of an interview questionnaire. A

questionnaire was administered to DCMs and chiefs of

analysis at ten MAC wings. Additionally, managers in the

maintenance management, cost and manpower divisions at

headquarters MAC were interviewed. From these interviews,

information concerning current productivity measurement

methodology was gathered and thirteen measures were

identified for analysis. Analysis of the interview

responses and measurement data gathered from six MAC wings

resulted in conclusions and recommendations for improved

abilities to understand and measure productivity in aircraft

maintenance units.
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ARDendix A: PreeidentiXI Order for Productvity Imurovement

Office of the Pre so ratitary

rev IM41diato Release February 2s. IM

PROOMWIIVIURSR
PROOUCTIVITT IMIPROVEIDF PROGRAM FUR Thi FIRAL OOK~MHDIT

ly the authority wasted in as as President by the Constitution and lovw
Of the United States of #eArica, Including the uodget end AccoWeting Act of
1921, as amended, and In order te establish a comprehonsivo program for the
Imprevement of productivity throughout all Iseevtivo departments ind
igoncioe, It Is hereby ordered as fellows:

Sectien 1. ;bereoU._..bet.tej sAabojd.....,auieinbnwde pegraj.to
Improve the quality, timeliAose,!, a.e jence -seusiee$.pevLded.by-tho
federal goverment.. the lgol of the program shall be to improve the
quality aVW timeliness of .IJ ....e.4he.., .. ead to achieve a 20
percent productivity Increase in appropriate functions by loot. tach
luecutive department and Agency will be responsible for contributing tG the
achievement of this goal.

Sec 2. As used in this Order, the term:

(a) opreductivity" rems the efficiency with which resources are
vied to produce a goverment service or product at specified levels of
q'itlity and timeliness;

(b) "Services" means these functions and activities performed by the
Federal government to achieve program objecttivl;

(g) "Ceoron atency functinls fsein these functions which are found
in more than ens agency, such it eswrding grants or leoans to individuals or
institutions, providing direct benefit payments, proegising claims, or
furnlshiAn health care;

(d) Conran goerme-nt functionw moeans those functions that are
comgn to every agency, such as adminlstrative services;

(0) Mea1uroefment aystem, ret!el both the sps'1fit measures used to
determine whether standards of quality, timeli ens, and efficlensy of
services are being -met, and the orocedures for the eollection and reptrtinl
of 4a1a resulting frem applicotion of productivity measures;

(M) "OrginiSAtinhal Performance standard" M"aAs a statement Whi'n
W&Antifies and describes the dolered level of quai6ty, tiAmliness, and

qefiCienCy of services to ýe provided by an OPrgaisation;

(g) "M&aagement review" means the review by the Director of the
Office of Management and Mudget as part of the budget process, of agency
ateptlishments and plans for manaemeent and productivity Improvements;
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A•vendix B: Degartaent of Defense Productivity Definitions and

ýo1o.34 (Encl 3)
Aug 14, 75

DEFINITIONS

The following definitions apply to the DoD Productivity Progsm.
Other useful definitions are contained in the Glossary of Terma
in Appendix 4, DoD Manual 5010.15.1-M (reference (e)).

A. Organizational.Clement. A major command or operating agency
of a DoD Component, e.g., AroW Materiel Cinad (AMC), Air
Force Audit Agency.

B. Organizational Sub-Element. A subordinate esand or oper-
ating agency of an organizational element, e.g., U.S. ArnW
Missile Command.

C. Field Element. A base, installation or depot of an organiza-
tional sub-element, e.g., latterkenney Depot.

D. Agency Productivity Principal. The primary contact betveen an
agency and the productivity project team (BL5, 06, GAO, CSC
and the J3.IP).

E. DOD Productivity Princial. The individual in the OUD(I&L)
who is responsible for (1) providing overall technical
a&sist&Ace &V coordinating DOD efforts on productivity
enhancement, measurement and evaluation, (2) submitting DoD
productivity data input to 3S1 and the JFMIP and (3) coordina-
ting, within DoD, productivity requirements initiated by
other Federal agencies.

F. DoD Component Productivity Princitpal. The individual in a
DoD Component who is responsible for (1) coordinating
productivity efforts within his component and (2) the timely
preparation of productivity reports and response to other
productivity data requirements levied on his component.

G. OSD Functional Area Productivity Representatives. Individuals
on the CBD staff who are responsible for productivity matters
in their respective areas.

H. Measurable Arnas. The functione/owprations of an organiza-
tional element, organizational sub-element, or field
element for wthch at least one final output and correspond-
ing asnyoar Inputs can be quantified.

I. Pon-Measurable Areas. The functions/operations of an orgs-
nizational 3lmeent, organizational sub-element, or field
element for which no final outputs and/or corresponding
manyear inputs can be quantified.

J. OutyoAt. The final products produced or services rendered in
a measurable functional area by an organizational element,
organizational sub-element, or field element.
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5010.34 (Encl 3)
Aug 4, 75

K. InPuts. The mount of resources (all types) utilized or consumed
to produce an output.

L. Labor Input. The amount of labor resources utilized or consubed
to produce an output.

M. Manyear of Labor Input. A mawnear of labor Input for this program
constitutes 2,050 paid hours. (This includes regularly scheduled
time, overtime, and leave time for all types of employees.)

N. Measured Mvears. The total mazyears (civilian and military)
expended In a measurable area by an organizational element,
organizational sub-element, or field element. Measured manzears
can be two types:

1. Direct Mae ears. The manyears in a measurable area vhich are
ch7rged directly to the final outputs of the area.

2. Indirect Man ears. All other manyears in a measurable area such
asthose expended on clerical, typing, secretarial, supervision,
exetutive direction, and general services.

0. Unmeasured M ears. The total manyears (civilian and military)
Sexpended by an organizational element, organizational sub-element or
field element in nonmeasurable areas (areas in which no final outputs
and corresponding manyears of Input can be quantified).

P. Compensation. The total vage costs incurred to produce a product
or render a service. Such costs include direct payroll costs plus
other direct wage costs such as the Government's contribution for
retirement, social security, health insurance, and life insurance.
Compensation does not include separation costs such as severance pay
and terminal leave payments.

Q. Effectiveness Measurement. Comparison of current performance against
pre-established mission• objectives (goals). If the right mission
objective (goals) are established, effectiveness aeasurement discloses
vhether an activity does the right thing at the right time -- It
compares what an activity or group of individuals actually accomplish
in relation to an assigned mission.

R. Efficiency Measurement. Comparison of current performance against
either a pre-establihTed standard or actual performance of a prior
periMd. Efficiency measurement discloses how an activity or group
of individuals performs during a current period in relation to either:
(1) a standard established for a job or task which they have respon-
bility for accomplishing; or (2) the level of performance achieved
for the job or task in a previous period, Efficiency measurement may
be based upon manpower, monies or a combination of both.
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5010.34 (Encd 4)Aug Ii, 75
PRODUCTIVZTY RE RThGA

itneral. Productivity reporting to OSD is an integral element of the
JoD Productivity Program. It is necessary in order to satisfy a
government-wide requirement levied on all executive departments ind
agencies and to provide data for internal DoD management purposes.
Specifically each DoD Component will submit annually to the OASD(I&L)
the following exhibits and dates

Exhibit A - Summary of Manyears by Orzanizational Elements - This exhibit
will be used to recap the manyear date for each organizational element of
the reporting Component. For the "Year-end Strength" show the number of
personnel authorized at end of FY. For the "Paid Civilian Manyears" show
the manycar data reported on Exhibit A-I of the report submitted under the
provisions of OMB Circular No. A-93. For the "Measured Manyears" show the
total mAnyears measured (Paid Civilian, Military, and Indirect Hire Foreign
Nationals) for each organizational element.

Exhibit B - Sumnary of Measured Manyears by Function - This exhibit will be
used to recap the measured manyears by function of the reporting Component.
The manyear data for each function must agree with the data reported on
Exhibit C for each function.

Exhibit C - Input/Output Data - This exhibit will be used to report quanti-
tative input/output dato. A separate exhibit will be prepared for each
function covered by productivity measurement.

r 'it C-1 - Description of Indicators - This exhibit will be used to
:ibe new Indicators established during a reporting period and to revise

ts,i description (as necessary) of any indicators reported in a prior period.

Exhibit D - Revision of Input/Output Data Submitted in Prior Years - This
exhibit will be used to report changes in input/output data which were
submitted in a prior year and the reasons necessitating the change.

Exhibit E - Productivity Data Virificotion. Analysis and Outlook - This
exhibit will be used to report (1) whether the agency productivity listing
(provided from DLS data bank) is correct, (2) whether the productivity
indices are representative, end (3) the productivity outlook for the future.
A separate exhibit will be submitted for each function.

Exhibit Z-1 - Changes Required in -BLS Listing - This exhibit will be used
to report changes which should be made in the 3iS.data bank.

Exhibit E-2 - Productivity Analysis - This exhibit will be used to explain
productivity indices which are not considered representative and to describe
factors which caused either an increase or decrease of more than 5% in
productivity.
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4

5010.34 (En 1 4)
Aug 4, 75

1I. Ranorttine Du.Dates. Ehch DoD Cowonent will adhere to the following

due dates for submission of exhibits and dater

Exhibit Duo Date

A & 1 120 days after end of TY
C, C-1, & D 90 days after end of FY
E, E-1, & E-2 21 days after receipt of Agency Listings

Attachments - 8
1. Exhibit A - Sumary of Manyears by Orguizsations! Element
2. Exhibit B - Sumary of Messured IMnyeare by Function
3. Exhibit C - FY 197 Input/Output Data
4. Exhibit C-I - Description of Indicators
5. Exhibit D - Revision to Input/Output Data Submitted in Prior Years
6. Exhibit E.- FY 19T Productivity Data Verification, Analysis, and Outlook
7. Exhibit E-1 - Changes Required in BLS Data Bank
8. Exhibit E-2 - Productivity Analysis

1
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EXHIBIT B 5010.34, Aug 4i, 75
o w WNYURo WT Tmno (Att 2 to Encl 4)

(Do Cmmpfsfaat

Prlat Tear 1W-

_ runc'rlow _ wn• a
Paid Indiret' wloe

ib'Title Te•"aIltx.tte JLL1tary Peian Natimt

A. Sedical
I - weapitals
2 - Classes

a. CLanIcItioln
I - set. CwAtcotetons
2 - Defense CafhIcatitIIs

C. Accounting, ?Inaaca, Auditing
I Beass Acctg 4 'isonte
2 - Control Acct& & Vilmace
2 - Internal Audliting
4 - contract Auditing

0. iducat tot, Trlainngt Personnel

I - Professional £ducation
2 * eDpendent tducation
3 - Military Training
4 - Civilian Personnel Mgt.
5 - hilitary Personnel Mgt.

a. Logistics I
I Lotal Procurement
2 - ConLrol Procuranent
3 - Contract Admift(Strltisn

- Loc3l Transporettion
* Depot Iransportation
s ingle 1aslnee Trans.

I Motor Vehicle
Opeqrtie•e

S Local Supply
9 * Depot Supply
t0 - Inva.- Or Control
It* Irt•e.1e lte Mlaintenence
t2 -Depot maintenance
13 - M•tor Vehicle

IULitenence
14 - Real Property Meint.
IS - Dining Facilities
16 - Cemeiseary Operations
17 - Laundry and Cry Cleanive
IS . Printing

F. Specillalsd Manufatutring
I - Naps
2 - Clothing
S * tleapon$

C. Other
I - Personnel Secrity
2 o Personnel Support & Admis.

TOTAL
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5010.34, Aug 4, 75
EDXIBIT C (Att 3 to Encl 4)

FY 197 1tNPT/OUTPUT DATA

. (DoD Component)

(Function Number end Title)

Output Manyear
A. Direct Hanyears guantity Inouts Camenaation

Indicator (00 (000Y00

1.

2.

3.

4.

5,

Total Direct Manyaara ,_._ ,

.o Indirect Manyeara

C. Total Manyears

D. Breakdovn of Hanyeera

1. Paid Civilian Kanyears

2. Hilitary Kanyears

3. Indirect Hire Foreign
National Hanyears

Total Hanyears

K. Other Data

1 Did any aignificent quality or process changes occur Yes No

during the year?

2. Were there any major capital expenditures during the
year which impacted on current year performance?

3. Did ary significant product six changes occur during
the year?

4. Did any significant change in the ratio of vorkloed
performed inhouse to contracted out occur during the
year?

NOTE: Provide a complete explanation for each "yes"' &newer.
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5 O1O.31, Aug I4, 75
EXHBIT C-1 At4o el)

DESCRIPTION OF INDICATORS

(DoD Component)

(?unction ° Nunber and Tilde)

Indicat or Description

126



0�

,O1O.314. AU 14, 75
(Att � to bc2. 1.)
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E:Z111•T 2
197 PFXODCTIVITY nATA VERITIi NAAMLYSIS . ND OU

%D61 component)"

(Function - Number and Title)

A. Productivity Data Verification

1. Does the date shown on the Agency Productivity
Listing agree with Exhibit C data as submitted?
If "no" complete Exhibit E-1.

3. Productivity Analystis

1. Total manyosT Productivity Index

Current Yr. Prier Yr. Chante

2. Is the "Current Tear" index representative of
the productivity trend for this function.

If "no"' or if the change exceeds 5% (either
increase or decrease) complete Exhibit E-2.

C. Prouctvity Outlook

1. Productivity goat for next year

2. Sriefly describe (a) actions underway or planned to increase
productivity during the next year and (b) known factors which
will influence the productivity of this function during the
"next year.

128



5010.34, Aug 4, 75

C1~p4EI HB Z-1 AN (Mtt T to MCI14g"ES NM DUU S DATA MMH

(Function - Number and Title)

A* Agency listing not in egrewment vith 2Aiibit C. Revise as fotlovst

Outout I nc enstin

Indicator IM1 TL ZMLa L ees

D. Current Year Elxhibit C date incorrect. Revise as rolloves
1

Outout Inout,.. CmpnsaLton

S±W.L h To Z Um To LmB

Reason for Chanrem (Provide Concise &xnolaation)
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5 010.314, Aug S 75
(Att to fel. 1)

!~IMMIT Z-2
?P.ODUCTIVZTY &W511S!

(DoD Component)

(function - Nwumer and Title)

A. Productivity Index

Direct Hanyear Productivity Index

Total Hmnyear Productivity Index

1. Productivity Analysis

1. Are the "current'year" indexes representative of the
productivity trends for the function? ( =

If "not" provide concise explanation.

2, briefly describe the factors or conditions vhich caused a productivity
change of more than 3% during the current year.
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A2mandig C! MAC Foauulas for Porfoz'ppnce Meamuwem

t MACS W!, ValIt A~ambast 1 14 N" US

144. FormuLa 1w by all ta* Tbms Lauml we .moodu7 9Wh do appUo Lw b Iumuu ar an&

L. ATTRITION RATS MAINT CAML RATIC + NO0NMAIN?
MATERIEL CANX
RA7E + OPS CANX SATEC4 =RQ CAMX
IkATE +
OTHER CAMX SAME + *WZATHR CANX
RLATZ.

MOTE Use. touo Yroof south aamflatim data for mobt bdo Eutsal if vafll usbwwbm a mno& w *ydalmM
OIf fewr ywandato bi as &vdabe mato ainalaUgm laorwd thtpd. F ora dtomo ul i pm dzmsthV daoa)

b. MISSION W3ORTIES T* VIA2M S 0111
SCHEDULE AýWIIMRT

TOTAL VIRECT MDC LABOR-38 3Y MWS

c. LABOR HASPSR m ALNlgaAAUGCS

TOTAL DIRECT MDC LABOW4IRJB3Y MDS

d.LABORMR8 PZR 1ADMq12J9A6 M2-
MIBSION19ORTIZ wd - ommaA16rJW wm

e. ENGINE SHUTDOWN * o~ 1115 3m00JRATZ mi OXmmnnO nusu ACIFT

I. UNSCHEDULED I" WM~lmal&pa . oH2II 0
3MG CwANG RAT iWU'rNGINE5GKUA14gUZ

S. lEVI' CELL I" 'tw c 9A am 310avJZCr RATE UL &RULftZ" T1waru

h. CANNIBALIZATION PER b-C~ OODC 41 11p U z 100
DEPARTVURE ATS ¶TALUNITOWNEDMRCRWATI'

DEPARTURES FRXOM NOME WIATION

A.wuift io sagh.
too" to awadLl

L. OVERTIME RATS TOTAL DIRECT 0T EXPENDED CAT WA

(INCLUDE OVERTIME)

lOYAL DIECT LABOR

J.PRODUCTIVITY - mlom m us 100

(100 LABOR MRS ADON + OVERIftME
*INDIRECT LABOS HOURS)

L. LABOR HOUR !mmM M I 100
UTIULATION ILATE TWJ191%U nV§ASGE

L BASE RZPAIR oz *,A
CAPABILMITYLATE

a. AVG PON6 AC??T mm4 -
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MACIE W. eTd U Aftsaoms I H4 N" 11

a. ACFT UTILIZATION - -om
RLATE V 6 W-]TDYOT

.. DROMfD 0333CT 1 RARWR IRfliIDZN~l a I=0
RATS UFAIT wuIwwIuD&DFA1TURZ8

p. POD RATE 0 POD INd3R a300
(9NGINES) GL 1QUEFXATIuTENULNUE

qAVG OR17W 19991

r.AVG TRAININO MIMSION nY-J IN11 EJ
LENGTH I ~WTAMNUNTU1OW3WNWW"

a.AVG OPERATIONAL a -yg PRT2A f Y
MINION L&NGTHI rATVWKMUN W

L MAN.HOUDS PS3 a mMD LABOR HOURS BY MWS (EN ROUTS3)
LDG OEN ROUTS) TOTAL LANDINGS BY MDW (EN ROUTS')

a. AVG CANNIDALIZATION a "6 ~g-UIA2 Jj R
LABOR HOURS W NUBRU lonDBA
M. OME STATION AIR a TTAL UNIT AlRRF A*ORTING
ABORT RATS 6 2lEMou lTO i 100

FROM MOMS STATION

W. DELM2D DISCRXPANCIES a -AI DK PM
PER POMESZSED AIRCRArrAZASrWZZ ARF

A4. Siueadoua Ulue wmU" a sw m WE a"mi asi

b. CmSid btyUrb wE be ommgi to no Put- NOTE h.Wte wE be inatowr w atw MNAF/OM
w thaaLO SDe and HiQ/M w Isaw thaa &We eepth

day ofthe nomitLIt =#H~am b3 "mA1.16. Imaemoodeft La Ppasla t Csm: MAO. - gskbmfuy advwa MAF/lOMra
LWMG*0 7106 Plw mi5bdbm hOpE fwt 3  mom W dela. NAY adv1ae MHHAM of

Thr~t nmI~ . Impaul. aple £mm may rma fwam
1Mm al&aehimt.PrtIproliseth nwigeromduo day al Ih mth
"m aaIa -0 00AMWant for the O ntM Ibmsemb Purt

Il1s where the unit walWaIde. projecte probho mom NmO~ NAP/LO b W14. OPR far anl fatms
&W atmy ht~fum wfth tb* r t 1W steinl As arl & qu Rsminse hr maiin will be "eb
blows~mand what aad.taa guy so on"ed Put-III b a mtdby MAC NAF to Ase aypdMo
uopst of a&al afrfnm peowie by, day Ihepv MQ Lamm aa ampm~e romeqL

A. Put I. lind. I. Boommaded emNhstahle di
POO=E Tehetgfesmon5to" r" 6au p. day 1. she &As meet of the nporag p~auL

woem audi _wjnn~a~is04Wn
40%;C-1410 SS-C- w50%wwkday, momE Iudm& he ashdw days ad Dgafir darman/hlray sd I SOW. H." - of W& "a meeth Iamhd w.odom sod
60% "&bdy, 90% wakod/hudda. Ibw heulday

topmast" th wmnOf pernadsh
hi.thateisdh .M~1wp Liee AlAA: 0.ladw days

emt bowd beaddsd to ik Am il"hf
"UpmsUoastHHQ Ohlbw hdquw&O Lim 3/O3: Adjuse rjce omeWarrf ee
samaw ok dwopieepas=so~fe smd lAW APR $&1100.1£: POMpibedo o hehade lt"IF
Air Tt~abgh Cdmuaad -. wWafatgdiwmh. mid awaft hwem w is Put III.

atl far maemtmanee tow"M. w. 40 tha
nmal ftstmen sgmd.w Imem2041ri m 1. 4CONUE wite) Sbbb't d*107fti iom" air
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Appendix D: MAC Maintenglanc Performance Standards

MACR 1714 so jol7 Im

COMMAND MANAGEMENT ITMX AND PUFIOIMANCZ BTANDARDS

Purpose: Whe chapber destifles the commanmd a ~ m ebeSm doe beds for the MAC Mmaammem Sys
tom. As Integral pW of this chapter Is the eta. h~kbfproM. theom for detemlaia perf~amame level and
@t"tug of key reources. Eaempt fo the iswtin performance .uanagnsn Mmas which have Jont, squations, logistics,
and air itansportatio. OPN, 11"m awe marrued huastomally.

htem Me 1-1-HOME STATION DZFAXT=3 IUtASIUT

S. Raw
b. Tianespertatios,
C. Operation

HQ MAC OP~A: DOCILOMWITRIW

HQ MAC OCIL- DOC2

PURPOSE: To omoitor the operational mission departure ralleblilty brm horn stations. This provvde a methodto meat
we andevaluate loistcs nnllbflty fof araltperfrmanc, su"a~~ty (ar operational miselm. and -&own, *a&
POrtfslom, and opertoUs 00064r NOUacLms It ala SUPPWis decisons Go abrfrme mumsuq nt.

SOURCE OF DATA- Miltay Air Integrated Reporting System IMAIMSAkrft Implaosaion um ad Nmaltoriig Sy&
tome (AIMS).

BASIC DIRECTIVE: MACA 664. va'lume 111.

F** WUATION CRITERIA: All C4, 01411,0C180. or eperatloosalspotelit OAdpebsmeinthfuol
we Included In this Item.
The mission t,~j " dellead by the second characew of the .ils"b Idutl~l prela must, be:
41) Channel ,K. ýQ.U NJ, V)or
121 SAAM (W. A) or
(3) Ezwdms JAWAT! (H. R) or
(4) Mlscellameous CD. H. 0).

b. The departure statiom must be the operator's (unlte) bome statkan
c. The departure station omde must he so "0" or "P".
d, Eiception. OSA departuires with th first character of the OdmIsdo.ntifier sufix equal to "Z"or 'Ir an eaduded.
a. The thWr character of the miassio Wedeniler prefix must be alphabetic

EVALUATION PERIOD Monthly.

MACRTAI4DARDS:

TRawprato 10000.0 or97.40.0. 9696. dow 9.0
OTanpertations 1"000 4.0 97.6001.0 Below 00.0

10000os I .0 97.M7.0 ".106.0 Belo 64.0
Transporttio 10000.0 911.647A 06.9-860 Below "A.

OpRaw c 10046t.0 07...07.0 00944.0 3d.010 ý$.0
Lrusogrsti 10m0.0 97.901"0 00946.0 Below 0.0

Oeaions 10"16.0 97.9460 059m.0 3M. a01.0
* 4w 1004I".0 00.0.W00 67044.0 ado, I".
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MACIR 1731 30 July IS '

(11 The departure statles ode s b C1. "D". "W". "Y". "W', or "J". or
(31 Tbs dspartuse staties code Is "0" ci "F" ead the depufrtuisetatirn bas m hat Iorea's (omits) bornestatim.

c. The.4 harsea ir W e miis" Idesti~s Pesols suet be alphabti

EVALUATION flRIOD- Monthly.

DEPFINITIONS:
a. C-6.014id1. sad C-13O: gamruts relishflIty purformam. Is measured at" aosh nouts satis by tVP stalmL bmes

relhebily evaiuatisa r op amat = route station perfarmam by typs ab@lrel

MAC STANDARDS:

Tyansportetics 10006.0 97.146.0 5.142.0 Below 03.0
operationg 1009.0 97.944.0 @3."LO. 3do. 02.0
L.qIstia 10041.0 90.9-77.0 16.1.780 Below 73.0

LGw` 100-93.0 ft943.0 $2.-77.A Below 77.0
Twaasportatlcm 100498.0 97.9110.0 9S."4.0 Bel.. 0.0
Operatione 1009111.0 97.910110 95.9-95.0 3d..10 96.0
LogILaIC' 100497.0 96*40.0 9.9.47.0 3d. 7.0

Ra 10046.0 93.140 801.675.0 3dlow 75.0
Teassportaion 10006.0 97.1.96.0 96.11450 3d..I 95.0
Opoe stions, 100-93.0 97.0-M6.0 @6.143.0 3do" 03.0
Losbatca 100498.0 97.149.0 U9346.0 ado" 66.0

("MMPUiATI ON: Em flut. ststics departwur raolsiliuty wil be cmputed hseparately fcr ech fuastional catelary loawsa
transportation. boglUma sad raw) by aireraft type.

tIosrstloas. transportation. sad logistice rallebilty will be coputed as follows:

Total Es Rouite Station PS No. Pwwathmai"JZT o X 100 - % Rellshahity

0opeations deviatlass an those coded LXX with sa X Pnda.

Treasportatloo devistiuma sam thos coded 3XX with nX postis.

Logietics devia~oma mu thowse odwd 7XZ. LXX. ar SXX with so X pmda.

Raw departure eslisbillty wW be compoted se Isle a

Toa EDRueSaDD- E ot 2ý=X 100. PA Raw idb~ty
TotleCA Rout~e IaUo0i eper&Qf

O*Tota1 so route statics dmlAsim. ldude operstems. tramapcrtAtim sand ki0latic deVIALIrna, pbs MliNDUaacUa dsvisa
tims ed mission required de"Ys.

*Miscellaneous deviatiom u th&oss cOded 1XX w"ith ma Z gau

Mlsiorsqufrd delays an those coded SW0 with so X pr~s sad mu dfrse*svelated by MAC NAP ar HQ MAC
(ALOC for th0etar-asalped assets). as mmeesary. to Improve overall MAC mission uwnorus Palae, coded 500 wi be
iacjuded in MAC NAT mad MAC-wide symest raliahillity ftpms. but ~cot as "rn-Urns dspertm bs bdh vldeuat s.'
luau station nelabihy figrse.
UNITS tVALUATED4. 0062,W. 4H, 487.4111. 448 M.AW; 114,.317.0374,4U6,463,513 TAW@***.- 1111,816 TAG$;
Il'A MAO, 310 MAS.

I TAW providoe 311 TAG espartiag dmth sab colideaed emmamad poet
STATIONS EVALUATED'. AllN an umto 134 seled by MAC alsdcs4dmotfied abveIL.



MACK 1.1 3 JWsl 1y 0

OSA Home Static (tAchlD 12"t4 bu W

Trvanepotauom I0-M.0 97.94&0 U.H5.0 Sel.w 00.0
OperaUts 10016.0 97.4W.0 6.046.0 Belw 9L0
LoUtIcs 10046.0 97.W4.0 00.0420 3d". 1L0
COMPUTATION: Home statio departure relUability wil be sompstad Nspsrsly for each fuasiosal estlegry fopera

tiose, transportlation. lostics, end ,aw) by adn "ftt

Operat ions. trsasportation. sd logistics reliabWty wl be osminted as 1oBA

Total Home Station Dan - No. Pusetion lev by T X 100 - % RaIlablty
TotaHome Statison Deparu

Raw departure rel•ability wil be computad ea folows:

Total Home Station Dep- Total Home Station Deve X 100 - S Raw Rdiaillity
Total How tAOs Departiase

9OpesUtos deviatlus ae the coded LXX with s X pefis.

Tranport-- ,lUo dtin atios an tose oWded 3XX with an X peeL

Logistics deviations aft thorn coded 7XX. SXX. or XX with u X peeLa.

0-Total home station deviations Incdude operations, tranpmtatiaL sad logistics deviations, phl mlaellanous devia-
tiose sad misdol required deays.

SMiscellaneous deviations we tm s coded IXX with a= X Pin

* Mlssion.requlred delays we twes. coded W00 with an X preft sad an drectod/valideted by MAC NAT a HQ MAC
(ALCC for theatea--ais1nod aesta), as o ,ary. to Improve overall MAC misl esactos Delays ooded 60 will be
included in MAC NAF and MAC-wide ystemos reliability fgures, but coust as "vats" depsrtuare in ivWidual depar-
Lure statio reliability fiursm.

UNITS EVALUATED: 60. 62, 63. 436. 437. 438. 443 MAW&; 14. 317. 874. 436, 463. 613 TAW*e**; 31 816 TAGs.

310 MAS; 616 MAO; 376 AAW; OSA uite.

000613 TAW provde 313 TAG meporting th11ugh ommas lldataid commnd pose.

have N& 1---N ROUTE STATION DEPARTURE WCIJAJLITY

s Raw
b. Ttsaportatk
e. Operstloss
d.Logistise

HQ MAC OPR. DOCLOM'WfMR

i'U RPOSE: To moitar th opusional mdsia t lareliabty from en route station. Ths pvd a method to
measure and evaluste logistics reliability of = rpcormance, spport cabilty for ope"atal misows, nd a
craw. transportatons sd opersatios inler ftuctions. It alao mpplim es b s for desons am abbum maa gemanL

SOURCE OF DATA. Military Air lotapated Reporting Systam (MAIRSR/AbtIIt implametatin sad MomltorWS Sys-

tm (AIMS).

BASIS DIRECTIVE: MACRt I,, daume ll.

EVALUATION CRITERIA. All C4, C-141, or C-180 departus towtin the fMoviwng cunt ane lndod In t&i It.m
a. Tbe Wismom type .a defined by the second charct of the miwoo dontif* plse- mnun be

(1) ChannelI 8, K. ,L,L N. J. V) or
(2) SAAM (W. A) or
(3) Eszwde, JA/ATIF(M. 1 w
(4) Mlsofoa s AD, H, 0)
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lum No 18 Of ORIGINATING NlUION DIWARTURU IR~ADflJ

IIQ MAC OPRm DOW

HQ MAC 0CR: DOIn0B

to msaw.e and evelust10 hglest mfti~lbty of afrerah Wfearmas inp.49IP wt~ uluihmto.isa misa ad r-
mrw abd operstiom ematW 1...tou limt "uppe. a babin msk m shrbmm mmaeut.

SOURCE Of DATA. Muiky Air Isuapmua Ropertlg System OtAIRWAIfrwmft Impl1mmis" OW HOWU4 Bye-
ter (AIMS).

BASIC DIR&CTVE: MACR SK, mehe Ill.

EVALUATION CRITERIA. C4 depettm with dho mond Abneter of &Me mliesWmtIfhr p~dS *qual to
".W, "E". ar'V" ed t" depastus steatla soce eqWa to "0" wr "1" we bdu In SIA& tOrn

EVALUATION PZRIOD-. Emt*j.

MAC STANDARDS:

Raw hi:0W-0z 949F4 C41 eeV
Tisasepertaties 10".0 96-W.0 61.0460 ado" 9N
OperUoa~t 10m-90 6-W.040 61)6 Below 96.0
LogLuti 100.6M.0 60706.. 4wN

mcompuAim tataspwt glme

Overall.. bmaepoutthail ad WCgisa u41blahty wil be mtedm u inn,

Toa rv~~ aDv-No otos o - m X 100 * %dmWht

Opermloa. deWlmahm an thne aWde LXX with an X psdb. Tvasmaepu1ms dssmiaem an thu. sedu L wit m

Logistics devlmamia ane thus oWde 71X. 9=X ar 11X with m X pmfi.

Raw deperture reliability *0i be amoputad sm Wsewi

Toa rsM wo~lOl nDO 100 - S Saw Rlabit~y

**Total orlgnstlom ablm.o deviatlems bwtoeu opesme. has itim. ad logati durletom plum nhmllýa desI
aLwas. mad nmiaulo reqused de*La.

*mwonlhm~~a dwri~adm whe g =aidd 111 W"t = X peda.

*Misai.. Roquind Ddiysum the. il 4.46d00 with m X prA& mod an 'mwtabhad&We by MAC NAP. mEQ MAC
fAUCC for thester mseealge mete), umm memea' to Imprmy uwmal MAC amlomicszentli Ddamyv aide 600 wil be
includad In MAC NAP and MAC-wld. sypteme mlability fgre.. but west mm swiimW depwtue. Is btodhua dvper.
ture statU.. reabwlty 11w.. ram__

1t6m 14. H1-AMMAMP ElUSION CAIPABLI 01 OOAIU

HQ MAC OPR.' L4MM

PURpOS: To povld a onlafu mw of m" hwruilwlsoug drawft iste siemL

SOURCE OF DATA: RC&- MA?.LZY(M)701 IMMICS) "adi AF.L3Y(MI509 (CAMS) Statue Report

BASIC DIRECTIVE: AIR 61110.

EVALUATION PERIOD> MaWbly

MAC OOAL&
Abvsh Peem
04 40.0
0-141 76.0
0.130o0 136



Apvendix E: Research Interview Instrument

Structured Interview Questionnaire
Productivity in Aircraft Maintenance

Demographics:

Name of interviewee:

Rank or paygrade:

Job title:

Job description:

Organizational level:

1. Are you familiar with the Productivity Enhancement

Program governed by AFR 25-3? If yes, how do you

see the aircraft maintenance environment

contributing to this program?

READ DEFINITION OF PRODUCTIVITY FROM AFR 25-3:
Productivity is the menasure of an organizations
performance. It's not only "effieciency" ( the ratio of
inputs to outputs), but also "effectiveness" (to what extent
the output satisfies mission objectives). Put another way
productivity is concerned both with "doing things right
"(efficiency) and "doing the right things (effectiveness)

2. Of the aspects of productivity defined by AFR 25-3,

which are you most concerned with, efficiency,

effectiveness or both?

3. Do you feel aircraft maintenance productivity

measurement is an important issue? (why or why not?)

4. What is your regulatory guidance for gathering and

reporting productivity measures?
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5. What methods of productivity measurement have been

specified for aircraft maintenance by the regulatory

guidance?

6. Of the methods specified, which ones do you actually

use?

7. If there are specified measures not used, why are

they not used? (what are their weaknesses?)

8. Where is the data for the specified measures

gathered?

9. How often is this data gathered?

10. To whom is this information reported?

11. How often is this information reported?

12. What are you required to report to the next level?

(be specific!)

NOTE: the distribution of the monthly summary is important
and the measures contained.

13. Is there additinal information reported which is not

required? (If so, why?)

14. Are there methods of productivity measurement used

on aircraft maintenenace organizations other than

those specified by the regulations? (if so, why?)

15. If answer to 14 is yes return to questions 9 through

11.

9a.

lOa.

11a.
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16. At what point do the budgetary and operational

aspects of aircraft maintenace meet?

17. How much control does maintenace management have

over the allocation of funds for aircraft

maintenace?

18. What affect would more direct control of the

maintenace budget by maintenace management have on

their productivity?

19. How do you use aircraft maintenance productivity

information for management decision making?
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Agonerdix F: Corresaonderseq Concerning A Perforungtes Reportingt

- DEPARTMENT OF THE AM FOP"

General Duane SH. Cassidy, USAF
Comm indff.ln.ChAW1 Military Airlift Cownmand
Scott AFR. Wiflbi 422MSm)O

Sometime ago I asked to see a comparison of MC rates actrosi*Fore.I~i
was somewhat surprised to see that MAC Is not only quite a bit lower than TAC VAi
SAC, but also tgat, with the eaception of the CICI.g there has been no noticeable
Improvement since FY $1. Us fact; the C.) hNo remained the same anW the C-130 has

* What causes one to raise his eyebrows Is that MAC seemningly ha so much
more &oftg for it than do either TAC ot SAC-that is, you have enjoyed Suller s~el
fundmog, Including OWIRM, for & longer petiod; you have had AMS for the C),O whsereas
TAC an SAC are jost now struggling to Umplemenst the rudiments ot CAMS.

I believe this issue is of more than just academic interest. With the Icesn
pro"*e an the spares budget (only 60% funded for FY 99). the question is being aske
wh*Uw full spares, funding really makes a difference. In MAC's Came. go apparont
answer would necessarly be t40.e

I realize that there are ways to rationalize the MAC anomaly. I also am, aware,
after talking to DOm Logeets, that MAC's measure of efflectiveness Is anatlme
depatwres. however, as I esplained to Dan, when reports got Circulated around this
building and over to the hill, th@ mndcAtors which appea are .wiftm woes
commands anid gerseralily consist of MC# FUC, TNMCS a" Tt4MCM (ie. TUeU6MO
TUB*$S) owd CANN rate.

Accoding to Don, MAC basically keeps an aircraft in maIntersance status from
the time it lands until it flies again. I strongly recommend that you rothirs t"i

polcys at least in terms of how you record the time. My view is that,, no matter how
conwerative end orthodox you might be with regard to the definition of FMC (Fully
Mission Capable), "sig compunctions need not apply to youw definsition 05 MC (MAissin
Capable) For Ow latter, it is not necessary to have every spat of carroseiii repalree~
every seat fully iqholterede every routne TCTO incoparated, eor.*

My piea to Don, and to you, Is that you give sone weious thought to th" matters
Somew MAC reoes to dmonstrate In terms of the commonly accepted insdicators
that we have gotten mawe bang for all of fti MAC sisares buciss that we have smnts
am" Py $1. OuserwLes oere ae soift to be some lon1 hot sumimers aheo"

Cheows,

LK. MV6'*'11.1 %NN, If
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:.| OF ThE COtMMANDEIU IN EF
MIIUTANT AisLir COMMAND

"SOTT AlA P0011 SAW. ILULNOIS 3236-600I

36 May 1V06

Mr Lloyd K. Moseman, 11
Deputy Auvibtent Secretary (LogIstice 6
Communications)

Offtiu of thu Secretary of the Air Force
Washington, DC 20330-1000

Dear Lloyd

I undurstand your concern in comparing airlift
performanue indicators against MC rates an other
commdfnts. Considerable mnaey has been expended
to support spares in recent years, and we need
Co bhow that the AImpacGt i positive.

Our ouasure of airlift effectiveness has histori-
cally been on-time departures. However, following
yuur conversation witu Don Loqegse. we have begun
a review of MC and CANN rates to redefine out
uritttra lot measuring mission capability. Don
will prudent his tindings to the MAC Council and
thu~n plaJss to bring a presentation to you anid
the Air Staff.

We'll work with your office to find a convenient
time. I look forward to your thoughts.

DUANZE f. CASSIDY
Generalo USAF
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Aumandix a: MAC Productivity Measures
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ALDendix -: Correlation Matrix for MAC Productiviti
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AnoandiX I: itenvim lemret Analvaia Outo]t

tho SAS System 16;47 Thursday. July 12# 100
I

CUB 31 32 33 34 I5 36 37 NONTI Hilt HSl2 HiSR3 M34

1 1 0 0 0 0 0 0 1 52.40 70.50 $2.60 6.00
2 1 0 0 0 0 0 0 2 17.00 6$.11 45.50 13.00
3 1 0 0 0 0 0 0 3 88.00 74.33 56.60 3.00
4 1 0 0 0 0 0 0 4 90.60 61.11 61.80 13.00
5 1 0 0 0 0 0 0.5 56.20 75.26 61.70 8.00
* 1 0 0 0 0 0 0 6 53.20 75.87 44.60 7.00
7 0 1 0 0 0 0 0 1 32.00 60.52 46.80 26.00
a 0 1 0 0 0 0 0 2 35.20 73.11 49.40 13.00
9 0 1 0 0 0 0 0 3 56.80 81.55 43.20 18.00

10 0 1 0 0 0 0 0 4 59.50 54.81 32.00 27.00
11 0 1 0 0 0 0 0 5 54.40 ?4.16 43.00 25.00
12 0 1 0 0 0 0 0 6 64.70 73.39 40.60 23.00
13 0 0 1 0 0 0 0 1 21.90 84.88 48.10 16.32

14 0 0 1 0 0 0 0 2 26.58 85.07 59.31 12.26
15 0 0 1 0 0 0 0 3 26.03 83.60 70.71 16.64

I 0 0 1 0 0 0 0 4 26.18 85.09 52.52 18.40
17 0 0 1 0 0 0 0 5 26.64 84.23 55.28 18.71
18 0 0 1 0 0 0 0 6 24.02 83.8t 35.65 16.25
19 0 0 0 1 0 0 0 1 21.10 80.03 15.40 9.30
20 0 0 0 1 0 0 0 2 19.30 83.36 17.60 0.50
21 0 0 0 1 0 0 0 3 20.80 81.61 23.?0 11.14
22 0 0 0 1 0 0 0 4 22.30 80.20 14.80 13.30
23 0 0 0 1 0 0 0 5 25.10 75.63 23.90 13.10
24 0 0 0 1 0 0 0 6 19.30 80.76 20.10 10.10
25 0 0 0 0 1 0 0 1 10.20 77.51 51.70 14.60
26 0 0 0 0 1 0 0 2 21.70 71.04 01.60 14.80

O0s MSRS HMBS HMS2 H518 Hi8 l $110 Hu $811 H5112 HSI13

1 15.00 6.7 10 83.30 9.00 0.0 0.0 13.3 93.70
2 18.00 6.8 5 91.00 0.00 0.0 0.0 68.6 94.30

3 18.00 6.9 9 06.00 0.00 0.0 0.0 98.2 07.70
4 22.00 6.7 3 100.00 1.80 0.0 0.0 06.2 06.70
5 21.00 6.6 5 100.00 1.70 0.0 0.0 01.4 96.93
6 22.00 6.6 0 100.00 0.00 0.0 0.0 02.5 99.40
7 21.00 13.5 21 94.70 0.70 0.0 0.0 03.3 33.70
8 15.00 13.0 1s 79.20 3.00 0.0 0.0 88.6 94.30
9 18.00 11.7 0 03.90 0.60 0.0 0.0 06.2 37.70

10 27.00 0.4 8 100.00 0.60 0.0 0.0 06.2 06.70
11 16.00 10.4 20 89.10 2.40 0.0 0.0 01.4 96.93
12 22.00 10.8 18 100.00 2.50 0.0 0.0 02.5 09.40
13 0.95 48.3 52 07.40 2.00 08.6 95.7 06.6 98.89
14 9.50 49.6 100 100.00 0.70 98.1 95.6 03.0 98.80
is 9.07 48.8 87 99.10 3.30 98.4 94.3 06.5 00.90
16 10.72 40.2 131 98.90 2.30 90.0 04.4 94.7 99.82
17 10.56 48.4 00 965.60 2.80 97.1 04.3 06.7 00.83
18 11.35 41.1 103 98.90 3.70 36.8 04.5 08.1 00.02
1i 6.01 30.5 75 88.50 3.76 92.0 95.6 95.6 39.60
20 5.90 29.3 82 70.40 1.76 03.0 94.2 04.8 98.80
21 8.70 28.9 86 83.10 1.10 80.0 95.4 01.0 00.65
22 6.30 30.5 80 72.60 1.75 86.0 05.0 07.2 00.33

23 7.56 29.6 78 81.50 1.30 100.0 96.0 02.3 99.68
24 7.00 31.2 64 76.40 0.91 07.7 05.6 97.6 00.72
25 18.00 47.1 18 96.07 1.70 02.0 94.6 03.0 63.30
26 19.70 45.9 28 77.42 1.66 89.0 05.8 88.6 80.40

The SAS System 16:47 Thursday, July 12, 1990
2

O03 31 32 83 54 US 36 87 MOICTr H"SI NJ52 Ni23 H534

27 0 0 0 0 1 0 0 3 10.40 72.15 72.80 7.80

28 0 0 0 0 1 0 0 4 17.10 71.76 96.00 6.50
20 0 0 0 0 1 0 0 5 20.50 72.91 76.00 6.90
30 0 0 0 0 1 0 0 6 19.30 75.32 53.00 6.00
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31 0 0 0 0 0 1 0 1 14.30 78.39 05.00 18.30
32 0 0 0 0 0 1 0 2 14.80 80.57 72.00 14.20
33 0 0 0 0 0 1 0 3 13.50 70.01 57.10 15.20
34 0 0 0 0 0 1 0 4 13.20 00.59 25.20 17.60
35 0 0 0 0 0 1 0 5 13.00 50,72 25.50 23.80
38 0 0 0 0 0 1 0 6 17.90 80.59 27.90 21.90
37 0 0 0 0 0 0 1 1 51.80 67.48 66.00 24.00
38 0 0 0 0 0 0 1 2 45.40 72.31 115.00 31.00

4 30 0 0 0 0 0 0 1 3 50.60 66.45 100.00 26.00
40 0 0 0 0 0 0 1 4 47.00 64.51 123.00 26.00
41 0 0 0 0 a 0 1 6 40.60 84.56 127.00 21.00
42 0 0 0 0 0 0 1.6 48.40 77.20 91.00 23.00
43 -1 -1 -1 -1 -1 -1 -1 1 23.10 75.18 46.00 10.00
44 -1 -1 -1 -1 -1 -1 -1 2 31.60 77.16 50.00 21.00
45 -1 -1 -1 -1 -1 -1 -1 3 23.20 71.22 36.00 15.00
46 -1 -1 -1 -1 -1 -1 -1 4 24.10 79.17 38.00 18.00
47 -1 -1 -1 -1 -1 -1 -1 5 25.10 81.80 40.00 10.00
48 -1 -1 -1 -1 -1 -1 -1 6 21.00 56.78 44.00 12.00

035 MISS HSIt 1lT7 HSI0 M531 K1530 11811 S1132 KIt13

27 17.20 46.9 51 82.81 1.00 96.4 93.4 15.5 69.60
26 17.60 47.0 24 91.04 2.46 11.4 94.1 94.0 63.50
20 18.30 44.0 100 97.22 1.97 04.7 03.4 94.4 58.00
30 14.60 45.6 73 95.00 2.20 04.5 14.9 18.0 01.60
31 17.60 42.9 60 09.24 0.80 05.8 05.0 05.5 00.00
32 16.60 43.8 57 98.45 0.60 07.7 04.6 04.7 100.00
33 16.30 43.8 74 17.80 0.00 16.6 93.0 07.2 100.00
34 16.00 42.4 43 100.00 0.00 99.1 95.3 09.0 09.90
35 17.20 41.9 46 90.50 0.00 15.5 06.4 95.5 99.10
36 16.20 41.7 s0 90.30 1.90 05.4 5.8 5 98.2 03.70
37 22.00 35.5 91 75.60 0.00 04.1 00.1 67.2 95.60
38 26.00 34.5 67 71.60 1.70 06.2 02.9 67.6 97.10
39 24.00 34.2 76 87.50 0.00 95.0 93.4 92.1 94.60
40 26.00 34.3 06 55.70 0.00 96.9 57.2 32.9 94.00
41 29.00 32.3 135 81.00 1.20 04.0 05.1 68.4 95.50
42 30.00 31.0 102 85.20 5.60 94.1 93.0 04.5 95.70
43 17.00 29.6 50 64.40 2.90 05.0 96.2 96.0 05.60
44 17.00 29.9 43 93.00 1.20 06.4 95.6 94.5 97.10
45 13.00 30.4 63 91.00 0.00 05.8 95.5 906.3 04.0
46 15.00 20.8 67 92.30 1.10 05.2 93.4 92.5 04.00
47 15.00 30.0 67 64.60 0.00 93.8 06.0 94.6 95.50
48 14.00 27.2 60 80.00 1.10 07.6 95.2 96.6 95.70

The SAS SyatAm 16:47 Thursday, July 12, 1920
3

Backward Ilinination Procedure for Dependent Variable Man2

Step 0 All Variables Entered 3-square a 0.76415656 C(p) a 19.00000000

of SUN of Squasre Hean Square V Probi?

Regression 1i 1436.16717550 70.78706531 5.22 0.0001
Irror 20 443.24765575 15.28440102
Total 47 1870.41483125

Parameter Standard type II
Variable ostimte Error SUN of Squares Prob)r

IN•TRC8P 80.04416366 45.04227782 40.36041127 3.23 0.0827
31 -25.46732010 13.47054736 54.63166797 3.57 0.0607
32 -12.3510779S 10.64610214 20.57201915 1.35 0.2554
33 19.080009408 0.14507008 66.51964460 4.35 0.0459
34 S.24481016 3,7766001 10.17118884 0.67 0.4313
35 2.48676359 9.77892006 0.98999515 0.0c 0.8009
a6 8.80419035 6.63463580 27.46800400 1.60 0.1005
37 0.05760106 4.02142378 0.00210031 0.00 0.9000
NONTH 0.24799270 0.46807928 4.29020751 0.28 0.6003
"S1R1 0.04255920 0.07852921 4.48924028 0.29 0.5020

5153 -0.03'.U768 0.05405764 35.98591531 2.35 0.1358
H134 -0.60731827 0.26029670 03.20332220 5.44 0.0268
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NSA3 0.52014015 0.37649223 28.86524646 1.89 0.1799
"SA53 -0.39799769 0.55762456 7.78020355 0.51 0.4811
S157 -0.05908912 0.03683001 35.39301043 2.32 0.1389
"M153 0.01041938 0.09219182 0.10523023 0.01 0.9108
"Me33 0.09279231 0.43658106 0.69046649 0.05 0.8332
11312 -0.11634671 0.29797424 2.33023212 0.15 0.6991

11533 0.26136317 0.41449510 6.07712885 0.40 0.5333

Bounds on oonditlon number: 200.437. 12692.27
........................ ......................f.............

Step 1 Variable 37 Removed I-square * 0.76415544 C(p) u 17.00013742

Do Sun of Squares Mean Square I Prob2V

Relresuion 17 1436.14507519 84.48029854 5.72 0.0001
Error 30 443.24975606 14.77409187
Total 47 1879.41483125

harametor Standard Type II
Variable Estimate Error Sum of Squares V ?rob)?

INTERC3P 80.80241942 42.65973238 53.00779351 3.89 0.0079
31 -25.39800014 11.89976943 67.30529000 4.56 0.0411
32 -12.30104416 9.58913817 24.31375592 1.65 0.2094
33 19.04453454 8.48325785 74.46336204 5.04 0.0323
34 3.27240557 3.15238286 15.92148532 1.08 0.3075
95 2.45335409 9.14439910 1.06349970 0.07 0.7903
36 8.86694452 6.10976561 31.11903586 2.11 0.1571
MONTH 0.24837509 0.45909399 4.32454210 0.29 0.5925
se1l 0.04277063 0.07514548 4.78644193 0.32 0.5735

11R3 -0.08426208 0.05375321 36.30636286 2.46 0.1275
The SAS System 16:47 Thursay, July 12, 1990

4

5534 -0.60681999 0.25248694 85.34325133 6.76 0.0226
"M1535 0.52249842 0.31521266 40.59662307 2.75 0.1078
"SA5S -0.39507393 0.49035398 9.59101540 0.65 0.4268
1537 -0.05893481 0.03591866 39.78132472 2.89 0.1113

N158 0.01010843 0.08680949 0.20033649 0.01 0.9081
M1R9 0.09407068 0.41563702 0.75884574 0.05 0.8225
M$112 -0.11658267 0.29229739 2.35041928 0.18 0.6928
M1183 0.26168351 0.40664266 6.11862847 0.41 0.5248

bounds on condition number: 160.3374. 9772.265

Stop 2 Variable 11538 leovod 3-square a 0.76404885 C(p) a 15.01324467

Df Sum of Squares Mean Square F ?rob)?

Regression i1 1435.98473870 89.74779817 6.27 0.0001
Error 31 443.45009255 14.30484170
Total 47 1879.41483125

Parameter standard Type II
Variable Estimate Error Sum of Squareo F Prob)f

INTEICIF 81.27739173 41.78319235 54.12787042 3.78 0.0609
31 -25.57257211 11.61581432 69.33420061 4.65 0.0353
32 o12.38274166 9.41004921 24.77039231 1.73 0.1979
33 19.22953847 8.19949752 78.67672073 8.80 0.0256
34 3.12053547 2.82389784 17.46800870 1.22 0.2776
95 2.60849125 8.90172280 1.22832413 0.09 0.7715
s6 8.98601750 5.92697231 32.88151194 2.30 0.1396
MONTH 0.24794630 0.45171607 4.30990039 0.30 0.5870
HIl1 0.04402969 0.07317078 5.17963332 0.36 0.5517
1S13 -0.08629373 0.05002736 42.56242580 2.98 0.0945
1S54 -0.61428054 0.24030555 93.47359705 6.53 0.0157
1S53 0.52901163 0.30523476 42.96803592 3.00 0.0930
M826 -0.39845470 0.48164273 9.79018588 0.68 0.4144
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ME37 -0.05936187 0.03515586 40.78520644 2.85 0.1013
HSR9 0.08727112 0.40570977 0.67256203 0.05 0.8299
N8312 -0.11873894 0.2$703150 2.44799349 0.17 0.08a0
23113 0.270626?3 0.39291914 6.7860SS87 0.47 0.4961

bounds on condition number: 159.7753, 8979.96

Step 3 Variable Mol2 Removed B.squame a 0.76369099 C(p) - 13.05724783
-4

ai sum of Squares Neon Square f Prob)?

Regroesion 1i 1435.29217667 95.65614511 6.69 0.0001
Error 32 444.12295458 13.87883296
total 47 1879.41453125

Parameter standard Type II
Variable EstImate Error Sum of Squares 7 Prob)b

INt•ECIP 82.40445453 40.83662445 56.51381872 4.07 0.0521
a1 -26.01797010 11.26102538 74.08732210 5.34 0.027S

The $A3 System 16:47 Thursday, July 12. 1990

32 -12.85546474 9.01665197 28.21207362 2.03 0.1636
33 19.74835271 7.72496316 90.70304455 6.54 0.0155
34 3.09367353 2.77885308 17.20167312 1.24 0.2739
a5 2.96805512 8.61469116 1.64746974 0.12 0.7327
36 9.20156231 5.75535441 35.47577948 2.56 0.1197
MONTH 0.23051740 0.43783816 3.84709687 0.28 0.6022
"1SR1 0.03963467 0.06925252 4.54602837 0.33 0.5711
MS13 -0.084683'1 0.04873102 41.91232468 3.02 0.0919
NSt4 -0.61076576 0.23616115 92.82936730 6.69 0.0145
"M1535 0.52628994 0.30040103 42.59908276 3.07 0.0894
"1SAO -0.43062121 0.45135316 12.633124S4 0.91 0.3472
MSR7 -0.05795572 0.03403419 40.24527704 2.90 0.0983
MS112 -0.10930863 0.27946088 2.12334142 0.15 0.6983
"5113 • 0.26181696 0.38494955 4.42008645 0.46 0.5013

bounds on conditlon~nuaber: 144.6181. 7919.491

Stop 4 Variable 35 Removed 3-squaro s 0.76281441 C(p) * 11.16503548

DF Sum of Squares Mean Square V ?rob)?

Regression 14 1433.64470693 102.40319333 7.58 0.0001
Error 33 445.77012432 13.50818559
Total 47 1879.41483125

Parameter Standard Type 1I
Variable astimote arror Sum of Squares f Prob)F

INtIRCIP 84.45614624 39.85698920 $0.65276912 4.49 0.0417
a1 -23.12042951 7.38812852 132.28784159 9.79 0.0037
52 -10.17150328 4.47929514 69.6S430249 5.16 0.0298
53 17.92693343 6.55692947 140.$8508935 10.41 0.0028
54 3.38902823 2.80778353 22.81415068 1.69 0.2027
b6 7.95330439 4.41176722 43.90025555 3.25 0.0806
MlONTH 0.29828435 0.38591230 9.07013342 0.60 0.4451
"NSet 0.04160924 0.06808718 5.04482163 0.37 0.6453
MI33 -0.08955384 0.04600891 51.17779871 3.79 0.0602
MSt4 -0.44435021 0.21221326 124.63628811 9.22 0.0047
NSU 0.55177311 0.28723896 49.84612417 3.69 0.0634
"M836 -0.29097831 0.22767351 22.98377040 1.70 0.2011
NS97 -0.05778141 0.03357294 40.01239562 2.96 0.0946

SR12 -0.09853932 0.27397399 1.74742059 0.13 0.7214
11R13 0.18775281 0.31504134 4.79771329 0.36 0.S553

Sounds on condition number: 48.4901, 2814.445
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Stop 5 Variable 1i512 lemovod 3-square a 0.76168464 C(p) a 9.27036253

of Sum of Squares Hoea Square F Prob)O V

legression 13 1431.83728634 110.14584510 8.37 0.0001
Error 34 447.31734491 13.16228073
Total 47 1879.41413125

Parameter Standard Type it
The S8A system 16:47 Thursday, July 12, 1600

Variable Estimate Error Sun of Squares 7 Probbi

INTEICEP 77.51170116 34.41871712 66.15385156 S.07 0.0300
al -22.73171369 7.21446800 130.67330353 0.93 0.0034
32 -10.12164680 4.41045466 $0.03926109 5.25 0.0283
33 17.72757437 5.45804590 138.65774645 10.85 0.0026
34 3.42920209 2.57181578 23.40117125 1.78 0.1113
36 7.829$6468 4.34165287 42.80516615 3.25 0.0802
MONTH 0.27293357 0.37453157 6.08985547 0.53 0.4712
Hi1 0.03897996 0.06682126 4.47003504 0.34 O.S635
M153 -0.08425163 0.04302153 50.47960999 3.84 0.0564
NS14 -0.61618453 0.19469405 131.84006042 10.02 0.0033
"1153 0.527S3660 0.27562452 48.21704857 3.66 0.0641
"156 -0.30594036 0.22338804 24.48874720 1.68 0.1798
1SR7 -0.05564295 0.03261647 38.30696072 2.11 0.0971
1SR13 0.16323387 0.30361376 3.80459804 0.20 0.5943

bounds on condition number: 47.45248, 2522.888

Stop 6 Variable 1113 Removed 3-square w 0.75986028 C(p) a 7.52828284

DF Sus of Squares Mean Square I trob)l

Regression 12 1428.09268831 119.00772403 0.23 0.0001
Error 35 4SI.32214294 12.80401837
Total 47 1879.41483125

Parameter Standard Type I!
Variable Estiaate Error Sum of Squares V Vrobol

llNrIRCtP 05.80223811 S.16875289 4420.04S33646 343.54 0.0001
31 -25.13225045 5.60892686 258.89407600 20.08 0.0001
32 -11.78060149 3.13162040 182.48000097 14.15 0.0006
33 19.74183523 3.92912428 325.53831467 2S.25 0.0001
14 3.82338667 2.43992802 31.66)65270 2.46 0.1261
86 9.68844315 2.59914873 179.16960050 13.60 0.0007
MONTH 0.29740964 0.36705936 8.42420604 0.65 0.4244
"SRI5 0.04633397 0.06473850 6.60527886 0.51 0.4780
1133 -0.08374710 0.04257222 41.90057610 3.87 O.0S71

M534 -0.62747685 0.19158186 138.32645041 10.73 0.0024
"MS35 0.52261831 0.27266051 47.37435871 3.67 0.0635
"SiR6 -0.39803279 0.14194000 101.40101302 7.86 0.0082
S187 -0.06213175 0.03180531 35.51381641 2.76 0.1050

Sounds on condition number: 29.27671. 1368.673

stop 7 Variable HI5l Removed B-square a 0.75634574 C(p) a 5.96044090

Dr Sum of Squares Mean Square V Prob)

legression 11 1421.48740144 123.22612813 10.16 0.0001
Error 36 457.92742181 12.72020616
Total 47 1879.41483125

Parameter Standard Type It
The SAS System 18:47 Thursday. July 12, 1090
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7

Variable Est mat* Error 8us of 8quamre IF Pro~b

INTSICIP 37.31364261 4.61703371 5455.65526944 428.90 0.0001
a1 -23.61755030 5.15901639 266.58152884 20.36 0.0001

32 -11.S5085673 3.10350473 184.04459500 14.53 0.0001
93 19.14513210 3.80241313 325.44150341 26.CO 0.0001

34 3.43094375 2.37902426 27.33337383 2.15 0.1510
BE 9.07037373 2.43482708 176.52583462 13.88 0.0007

nOw"! 0.31581139 0.36456427 3.54532481 0.75 0.3321
HS83 -0.07960348 0.04189001 45.93431490 3.61 0.0064
"514 -0.S?398361 0.17520539 136.52346223 10.73 0.0023
1535 0.51243268 0.27043795 45.67015353 3.53 0.0662

H316 -0.43053710 0.13356413 132.17072533 10.39 0.0027
"32B7 -0.05117236 0.03158427 33.380S3048 2.62 0.1133

Round. on condition number: 2S.10851, 1032.893
---------------------------------------------------------------------------------

Stop 8 variable MOMf1 Removed i-aquaro a 0.75120654 C(p) e 4.56499436

3D Sun of Squares e*an Square F rob)WF

Regression 10 1411.34148464 141.19414846 11.18 0.0001
Urror 37 467.47334661 12.63441477
Total 47 1873.41433125

Parameter Standard Type 11
Variable Estimate Error Sum of Squares F Prob>F

IRTERCEP 98.02400578 4.60605144 $722.19238374 452.31 0.0001

31 -23.84860925 5.13471335 272.55166393 21.57 0.0001

32 -11.83286980 3.09823423 184.20213744 14.53 0.0005

33 20.05890562 3.87244237 338.99997999 26.83 0.0001
54 3.43361238 2.37025250 26.60632615 2.11 0.1552
96 9.13173347 2.42557535 179.07379732 14.17 0.0006
HER3 -0.09425911 0.03819238 76.95703086 6.09 0.0183

S154 -0.61587409 0.16783323 170.13085039 13.47 0.0008

"59R5 0.60423648 0.24796916 75.01940683 5.94 0.0198
"SIG6 -0.43802522 0.13283396 137.38367283 10.87 0.0022
MS17 -0.04106802 0.02925248 24.90216720 1.97 0.1687

bounds on condition number: 25.0414, 942.8148

Step 3 Variable MS|7 Removed 3-square a 0.73801659 C(p) a 4.21424798

9F Sum of Squares Men Square F Prob)F

ogreeosion 9 1387.03931743 164.11547971 11.83 0.0001
Error 38 492.37551382 12.35725036
Total 47 1873.41483125

Parameter Staasrd Type II
variable Estimate Error 3Lm of squares F Prob)f

INTERCIF 05.59143483 4.32190133 6338.71163313 489.20 0.0001

21 -19.07823101 4.38686357 263.73154857 20.74 0.0001
The SAS System 16:47 Thursday, July 12, 1990

32 -9.09824678 2.43932784 180.166640S5 13.30 0.0006
33 17.06818874 3.27490226 351.95816872 27.16 0.0001

94 1.36981049 1.87375037 6.82411223 0.53 0.4725
I6 8.23418812 2.36951069 156.47215852 12.08 0.0013

1133 -0.11144472 0.03683673 113.59383604 9.25 0.0042
H534 -0.53229750 0.16911097 158.94581693 12.27 0.0012
H5RS 0.52914927 0.24520650 60.34000017 4.66 0.0373
"1Sa6 -0.37840867 0.12746143 114.20298572 8.81 0.0052
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sounds on on4dition number: 17.62253. 633.3760

StoplO Variable 54 Removed I-square e 0.?3438561 C(p) a 2.66072357

Do SUN of qaam 8 Mean Squa" I Prob)F

Regression 8 1380.21510521 172.52600065 13468 0.0001
Irror 30 400.1006604 12.70000041
Total 47 1870.41463125

Parameter Standard Type it
Variable Estimate Error Sum of Square*s Prob)P

INTRICEP 95.49207098 4.29343864 6331.69563894 404.66 0.0001
31 -18.404372809 3.7000746 301.82203067 23.58 0.0001
32 -0.13U73883 2.03106056 205.12756669 10.03 0.0003
as 16.06233254 2.94008186 370.71103270 20.66 0.0001
.26 7.98233263 2.32969096 150.27013531 11.74 0.0015
NS13 -0.10935338 0.03630096 116.15498017 0.07 0.0045
MSI4 -0.54993805 0.15775237 155.5S$S0109 12.15 0.0012
MSRS 0.42457004 0.18716593 51.34121898 4.64 0.0376
MSI6 -0.3456S5SS 0.11846247 108.05814908 6.51 0.0058

Sounds on condition number: 13.46705, 434.7935

------------------------------------------------------------------------

All variables left In the model are significant at the 0.1000 level.

S-umary of Backward Elimination Procedure for Dependent Variable NS52

Variable Number Partial Model
Step Removed In Rom2 Rosa C(p) P Prozb~

1 37 17 0.0000 0.7642 17.0001 0.0001 0.0907
2 MMSS 16 0.0001 0.7640 15.0132 0.0136 0.9081
3 S10 is 0.0004 0.7637 13.0572 0.0470 0.8298
4 a5 14 0.0000 0.7626 11.1650 0.1167 0.7327
S MSR12 13 0.0000 0.7610 0.2794 0.1294 0.7214
6 NS113 12 0.0020 0.75399 7.5283 0.2891 0.5043
7 "SRI 11 0.0035 0.7563 5.0604 0.5122 0.4789
8 MONTH 10 0.00S1 0.7513 4.S850 0.750S 0.3921
9 Mg37 9 0.0132 0.7380 4.2142 1.0710 0.1687

10 34 a 0.0036 0.7344 2.6607 0.5267 0.472S
The Was System 16:47 Thursday, July 12, 1090
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Backward Elimination Procedure for Dependent Variable K537

Step 0 All Variables Entered 3-square a 0.84210855 C(p) a 10.00000000

Df am of Square "eAn Squame I Prob),

Regression 16 50101.75907606 2763.43109976 8.60 0.0001
Error 20 0387.40020304 323.7065$676
Total 47 $9430.25000000

Parameter standatd Type It
Variable Estimate Error aun of Squares P Prob)f

ITtPRC3P 168.50145107 216.27236876 196.40736008 0.61 0.4422
31 -127.12027329 41.31384767 1301.63S46060 4.30 0.0471
32 -76.80250074 48.04502090 827.15053254 2.56 0.1206
53 75.72120603 42.89220067 1006.85723665 3.12 0.0880
34 12.66411862 18.36427268 153.04068202 0.48 0.4090
3s 26.53226201 44.78316622 113.62410038 0.35 0.5561
38 33.13106238 30.85741098 373.18720378 1.15 0.2918
37 39.86225123 21.40402068 1122.65008653 3.47 0.0727
MONTH 3.53242610 2.06273906 940.31224668 2.03 0.0975
"SI1 0.11370678 0.36260582 31.68173244 0.10 0.75SS
M152 -1.25144162 0.82237622 740.60348S03 2.32 0.1389
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HSl3 0.11084600 0.26105077 66.50884890 0.21 0.6536
MSR4 -1.61919720 1.27040070 525.85927339 1.62 0.2126

.Haas 0.23009569 1.79715484 6.30634914 0.02 0.8990
"gasl -2.13191261 2.58107181 224.81156806 0.69 0.411S
make 0.0252103? 0.42433916 1.14338848 0.00 0.3530
"NIRS 0.83893919 2.00468893 56.69156930 0.18 0.678?
"Blil -1.35383306 1.35171301 324.7227608S 1.00 0.3248
"3ll3 1.90523786 1.88769193 329.75211S13 1.02 0.3212

bounds on oondition nimbor: 199.1678, 12569.65
... ...................................................... ft.............. 0..........

Step I Variable MSRl Removed l-square a 0,84217932 C(p) a 17.003S3218

91 Sum of Squares Mean Square F Prob)?

Regression 17 50100.61640759 2947.09508280 9.42 0.0001
Irror 30 9398.633S9241 312.9544S308
Total 47 59489.2S000000

Parameter Standard Typo II
Variable etimate rtror Sum of Squares F Prob)f

INTZRCEP 168.57085089 212.64712971 196.66498508 0.63 0.4342
31 -127.05168093 60.27329205 1390.56771047 4.44 0.0435
12 -76.64975747 47.17360270 826.23695447 2.64 0.1147
83 7S.89463112 42.07613948 1018.19620120 3.25 0.0813
54 12.S0000775 17.8S141629 153.44627314 0.49 0.4892
as 26.65006147 43.98998673 114.86028883 0.37 0.5492
36 33.21603322 30.30871248 375.87348626 1.20 0.2818
57 39.47981229 20.07286300 1210.63340387 3.87 0.0585
MONTH 3.53417783 2.02798515 950.44806629 3.04 0.0916
"MSRI 0.11806469 0.3494711? 35.71893154 0.11 0.7378

The SAS System 16:47 Thursday, July 12. 1990
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MSR2 -1.25052829 0.80846183 748.77120286 2.39 0.1324
HE13 0.11474389 0.24856582 66.68949609 0.21 0.6477
MSR4 -1.63246953 1.22967303 851.$5904396 1.76 0.1943
HSI -0.19994923 1.69S21052 4.35384845 0.01 0.9069
MSE6 -2.11985725 2.50744326 223.682567S6 0.71 0.4046
MERS 0.83356970 1.96911153 56.08210933 0.18 0.6751
MR112 -1.36039049 1.32463939 330.07526625 1.05 0.3126
ff513 1.92780017 1.81815509 351.83845947 1.12 0.2975

Bounds on condition number: 197.3355, 11702.46

Stop 2 Variable fIES Removed R-squaro a 0.84210614 C(p) a 1S.01698216

DF Sun of Squares Moea Square V Prob)f

Regreasion 16 50096.26255914 3131.01640995 10.33 0.0001
Error 31 9392.98744086 302.99959487
Total 47 59489.25000000

Parameter Standard Type It
Variable astimate Error Sum of Squares V Prob)I

INTUICEP 169.89240601 208.94707053 200.31881585 0.66 0.4224
&1 -126.58624630 S9.17968178 1386.34027496 4.58 0.0404
32 -75.62595329 45.62472856 832.49797308 2.75 0.1075
93 76.00958732 41,39041712 1021.83127500 3.37 0.0759
54 13.12041686 12.96638254 349.22784932 1.15 0.2913
a5 24.87291625 40.66658104 113.34963865 0.37 0.5452
3s 32.62037008 20.40586124 372.86333438 1.23 0.2758
37 38.31162962 17.17941794 1506.90485405 4.97 0.0331
MONTH 3.51501458 1.98905609 946.24206516 3.12 0.0870
MslI 0.12601839 0.33740576 42.26734091 0.14 0.7113
ff52 -1.27727271 0.76357181 847.83148571 2.60 0.1044
M813 0.10172778 0.21913559 65.28S40S98 0.22 0.6458
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MS34 -1.70861040 1.02077574 834.15823941 2.75 0.1072
NA56 -2.03409269 2.36122402 224.85841228 0.74 0.3956
H1ER 0.67415097 1.00772165 63.42001576 0.21 0.6500
HS112 -1.39408069 1.27151053 364.32125228 1.20 0.3813
MS313 1.02453550 1.78879007 350.72009713 1.16 0.2003

bounds on condition number: 181.2005, 10054.6

Stop 3 Variable 8115 Removed I-square a 0.14130563 C(p) a 13.14755517

DP Sun of squares mean Square P FPob)?

legreseion 15 50053.90521823 3336.93301455 11.32 0.0001
Error 32 9435.25478177 204.85171193
Total 47 59459.25000000

Parameter Standard Type II
"Variable astinate Error Sum of Squares P Prob)?

INTERCEP 162.44368471 205.17751621 184.82034708 0.63 0.4344
81 -124.69793036 58.16513694 1355.17910683 4.60 0.0397

The WAS system 16:47 Thursday, July 12, 1990
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52 -77.41868004 44.75734455 882.10910209 2.90 0.0933
13 77.27215126 40.69371321 1063.1S116628 3.61 0.0668
34 12.72563326 12.39547892 310.76767438 1.05 0.3123
85 26.80899931 39.75853260 133.85742506 0.45 0.5053
36 31.13030714 28.73958381 345.046095744 1.17 0.2680
37 39.22512854 16.77423148 1612.30477634 5.47 0.0258
MONTH 3.44903867 1.05437723 918.29663206 3.11 0.0871
M652 -1.26339987 0.75258231 $33.58753074 2.63 0.1024
1153 0.11146S8J 0.21465316 79.50975372 0.27 0.6071
Mi54 -1.59143388 0.96753619 797.71253684 2.71 0.1098
"ga5s -2.19941610 2.28796621 272.47034559 0.92 0.3436
1SR9 0.66961117 1.80268253 40.68277142 0.14 0.7127
1SR12" -1.34691483 1,24826150 343.29018244 1.16 0.2886
S11S3 2.02436170 1.74477310 396.91910044 1.35 0.2545

Sounds on condition number: 174.9195. 9121.395

Step 4 Variable 11t9 Removed 3-square w 0.84071177 C(p) a 11.27323311

DF Sun of Squares Mean Square F Probf

Regression 14 50013.31244681 3572.37046049 12.44 0.0001
Error 33 9475.23755319 287.14962262
Total 47 59489.25000000

Parameter Standard Type II
Variable Estimate Error Sus of Squares F ProbVf

IHNT3rCP 180.32475011 196.42830721 241.01485620 0.84 0.3682
N1 -131.80386084 54.20707772 1497.66706551 5.01 0.0206
52 -82.37320053 42.16196784 1096.07023860 3.82 0.0593
33 82.86516121 37.30852652 1416.56339459 4.93 0.0333
14 12.44001086 12.20910180 298.15754640 1.04 0.3156
a5 22.76574363 38.47194528 171.89111600 0.60 0.4446
a6 34.21451182 27.15230198 455.94833653 1.59 0.2165
37 40.75307010 16.04825660 1851.71094592 4.43 0.0160
MONTH 3.31966032 1.89781066 878.60189707 3.06 0.0896
M152 -1.27837567 0.74188732 852.60780502 2.07 0.0942
1153 0.11073003 0.21102198 70.46879S48 0.27 0.6046
1154 -1.67059701 0.93136467 923.87268788 3.22 0.0820
"OR53 -2.48217750 2.12925114 390.22954124 1.36 0.2521

SR12 -1.30461724 1.22671387 324.77S98940 1.13 0.2953
NI513 1.92843196 1.70286762 368.26048007 1.28 0.2656

Bounds on condition number: 155.5565, 7690.069
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S. 8top 5 Variable 8533 Removed 3-square a 0.83939272 C(p) a 9.51564029

of ta Of Squares mean Square P Prob)F

Regresslon 13 49934.84365133 1841.14181933 13.67 0.0001
Error 34 9554.40634867 281.01195143

* Total 47 59451.25000000

Parameter Standard Type II
The U*S System 16:47 Thursday. July 12, 1990
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Variable Setimate Error Sam of Squares F Prob)F

INTIICIP 205.09079233 188.98877296 330.93683267 1.18 0.2855
31 -130.S5569516 53.57257851 1668.90391733 5.94 0.0202
32 -81.26204581 41.65590023 1069.41739797 3.81 0.0594
33 81.77446959 36.84988804 1383.84649229 4.92 0.0333
34 8.41748414 9.37568949 226.50770127 0.81 0.3756
35 29.15390320 38.04094906 165.04999643 0.59 0.4487
36 33.06596117 26.77248774 428.65736073 1.53 0.2253
37 45.97226291 12.42940057 3844.29038548 13.68 0.0008
MONTH 3.27223703 1.87527175 855.62975836 3.04 0.0900
"1522 -1.36798130 0.71405766 1031.37961945 3.67 0.0638
M154 -1.77342999 0.90057166 1089.72355398 3.8& 0.0571
SR6 -2.36921784 2.09549735 359.22003300 1.28 0.2661

MSI12 -1.45169639 1.18118274 424.46530384 1.51 0.2275
M8313 1.93286912 1.684S4944 369.96629483 1.32 0.2592

Rounds on condition number: 153.9544, 6941.146

Stop 6 Variable 85 temoved 3-square w 0.83661827 C(p) a 8.02551565

DF Sum of Squares Mean Square F Prober

Regression 12 49769.79365490 4147.48280457 14.94 0.0001
8rror 35 9719.45634510 277.69875272
Total 47 S9489.25000000

Parameter Standard Type II
Veslable gstimate Error $us of Squares F Prob)f

IbTECEP 208.43054423 187.82122613 342.00488926 1.23 0.2747
31 -97.01704344 30.71844940 2769.94675409 9.97 0.0033
32 -52.08844637 19.22916047 2108.70415650 7.59 0.0092
83 60.53924521 24.14954570 1745.138912868 6.28 0.0170
34 11.28294680 8.84706053 483.9332366S 1.74 0.1954
35 19.16586531 19.57629664 266.17650501 0.96 0.3343
37 44.21350736 12.14348136 3681.26806759 13.26 0.0009
MONTH 4.08024492 1.94165770 1945.22786804 7.00 0.0121
N812 -1.29218803 0.70299457 938.25615300 3.38 0.0745
11534 -1.88236202 0.88402606 1259.07064465 4.53 0.0403
"I1R6 -0.99172633 1.07088630 238.16113719 0.86 0.3607
"52132 -1.28999076 1.15531272 346.21670670 1.25 0.2718
H1R13 1.22459409 1.40007538 212.44935347 0.77 0.3877

Rounds on condition number: 40.77612, 2011.962

Step 7 Variable 11833 Removed I-square a 0.83304705 C(p) a 6.68181793

or Sut of Squares Mean Square F Prob>F

Regression 11 40557.34430143 450S.21311831 16.33 0.0001
Error 36 0931.90569887 275.88626940
Total 47 59489.25000000

Parameter Standard Type II
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13 A

Variable Estimate Error Sue of Squares F Prolb)

INT18CEP 331.41217278 124.12842801 1966.35827758 7.13 0.0113
31 -115.77611627 21.91994679 7696.42514031 27.90 0.0001
D2 -66.84443088 10.86423774 10443,88366846 37.86 0.0001
53 ?6.84727769 15.29802391 4981.71740971 25.23 0.0001
34 13.83486062 8.01154061 821.52263307 2.38 0.0930
36 32.34067240 12.46295678 1857.74457466 6.73 0.0136
37 47.09014954 11.65142407 4506.42561S30 16.33 0.0003
MONTH 4.21422584 1.52901445 2095.7646861t 7.60 0.0031
Hi12 -1.27448101 0.70040606 913.47577697 3.31 0.0771
oSA4 -1.97713125 0.87449322 1410.22429644 5.11 0.0239
M826 -1.76164937 0.60788790 2316.97798445 8.40 0.0064
"8I1l2 -1.09512280 1.10992191 2$9.15457085 0.94 0.3389

Bounds on condition number: 20.89322, 847.8329

Step 8 Variable PiSR12 lemovod t-square a 0.82889073 C(p) a 5.48240279

Dy Sum of Squares Mean Square F ProbW?

Regression 10 49298.18973059 4929.81897306 17.90 0.0001
Error 37 10191.06026941 275.43406134
Total 47 59489.2S000000

Parameter Standard Type i1
Variable Estimate Error Su. of Squares F Prob)f

INTERCIP 232.59038274 70.73474169 2978.07484913 10.81 0.0022
31 -112.67527465 21.66742431 7448.35419123 27.04 0.0001
32 -65.81927370 10.80375996 10222.89650749 37.12 0.0001
33 74.60371508 15.10947268 6714.90603950 24.38 0.0001
B4 14.41758988 7.98161509 898.71382086 3.26 0.0790
36 28.97250488 11.95882539 1616.63763814 5.87 0.0204
37 48.76949894 11.51241897 4942.89130239 17.05 6.0001
MONTH 3.79774847 1.48618682 1847.95510960 6.71 0.0136
Hat2 -1.36467220 0.69362750 1066.15837604 3.87 0.0587
M1s4 -1.82444664 0.85948116 1241.10136411 4.51 0.0405
HS6 -1.71118066 0.60515702 2202.28350431 8.00 0.0075

Bounds on condition number: 20.454. 732.6559

All variables left in the model are significant at the 0.1000 level.
The $AS System 16:47 Thursday, July 12, 1990
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Sumary of Backward Elimination Procedure for Dependent Variable MsS?

Variable Number Partial Model
Step Removed In 1e92 3882 C(p) T Prob)f

1 mis8 17 0.0000 0.8422 17.003S 0.0035 0.9530
2 HMRS 16 0.0001 0.8421 15.0170 0.0139 0.3069
3 MI1l 15 0.0007 0.8414 13.1476 0.1395 0.7113
4 Mi539 14 0.0007 0.8407 11.2732 0.1380 0.7127
5 M533 13 0.0013 0.8394 9.5156 0.2733 0.6046
8 so 12 0.0028 0.8368 8.0285 0.5873 0.4487
7 MS113 11 0.0038 0.8530 6.6818 0.7650 0.3877
a NS312 10 0.0044 0.8287 5.4824 0.9394 0.3389

The SAS System 16:47 Thursday, July 12, 1990
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Backward Elimination Procedure for Dependent Variable HSI$

Step 0 All Variables Entered I-square a 0.689132S7 C(p) • 19.00000000

154



DF Sun of Squares Mean Square V ?rob)

Regression 1i 3635.21174816 201.95659712 3.26 0.0023
Error 2t 1797.51444351 61.98325667
Total 47 5432.13319167

Parameter 8taaldazr Type 1I
Variable Estimte Error Sun of square@ V Prob)

• INTIRCIP 1.93778139 09.02199058 0.02545472 0.00 0.1840
a1 3.49022942 28.74177839 1.02177160 0.02 0.898?
U2 6.42708350 21.89632571 S.33025257 0.09 0.7712
13 6.51013091 19.71471687 6.75684916 0.11 0.7436
34 -6.567690623 8.00920313 41.67937588 0.4? 0.4159
as 4.54226257 10.69656403 3.29637821 0.05 0.0192
b6 3.17318158 13.73587063 3.29828421 0.05 0.8192
87 -15.35513597 9.49167084 162.21707087 2.62 0.1165
"MONTH 0.05239306 0.94711166 0.18967915 0.00 0.1563
HU&l 0.16866111 0.15582335 72.61715324 1.17 0.2880
NSB2 0.042253908 0.37386805 0.79172252 0.01 0.9108
MSR3 -0.16324615 0.11101330 134.032S3%48 3.16 0.1522
MSK4 -0.51839203 0.56309605 52.53225700 0.55 0.3648
MSRS 1.19633481 0.7S460720 ISS.78942707 2.31 0.1237
"NSRO 0.48825690 1.12912122 11.50017619 0.10 0.6686
HSR7 0.00482900 0.08125236 0.21893576 0.00 0.9530
MSR9 -0.21693684 0.87694195 3.77590111 0.06 0.8068
NSR12 -0.25344628 0.59975746 11.46754901 0.18 0.6757
MSR13 0.88533244 0.82416916 71.52443367 1.15 0.2916

Sounds on condition nunber: 202.6513. 13339.43

Step 1 Variable MOITH Removed I-square a 0.66909766 C(p) a 17.00306017

DO Sun of Squares Mean Square F Prob)?

Regression 17 3635.02906900 213.62523135 3.57 0.0011
Error 30 1707.70412266 59.92347076
Total 47 5432.73319167

Paraaeter Standard Type 1l
Variable tatimate, Trror Sin of Squares ? ProbeI

INTITRCF 0.9S304827 91.37620510 0.00637830 0.00 0.9918
31 3.2S524741 2#.18202924 0.85941160 0.01 0.5OSS
32 6.01924778 20.27446698 5.28180681 0.01 0.7686
33 8.79714578 18.70105145 7.01622407 0.13 0.7188
34 -6.65069615 7.735S9025 44.293934$2 0.74 0.3967
35 5.03797186 17.24624047 5.113S1530 0.09 0.7722
s6 3.34428377 13.17903435 3.85865564 0.06 0.0014
57 -15.31884096 9.31031213 162.22612792 2.71 0.1103
"Sill 0.16791402 0.15263708 72.51951961 1.21 0.2600
8It2 0.04428397 0.36582547 0.67806193 0.01 0.9045
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Ni83 -0.16380569 0.10869913 136.08267367 2.27 0.1423
"" 12E4 -0.51600078 0.55214124 92.35285440 0.87 0.3574

NSes 1.19070341 0.73941194 167.77456334 2.63 0.1151
"its6 0.46534652 1.03282410 12.16468146 0.20 0.6555
M1R7 0.00619180 0.07613029 0.39638352 0.01 0.9357
mass -0.22629079 0.84807109 4.26644537 0.07 0.7914
NS12 -0.24864209 0.58352265 10.88004787 0.18 0.6731
M3113 0.89747160 0.78110728 79.10738310 1.32 0.2596

sounds on oondition number: 175.3874, 11295.23

Stop 2 Variable NS? Removed 5-square a 0.66002470 C(p) • 15.00945518

DF Sum of Squares ?ean Square F Prob?

1M5



Regression 16 3634.63268548 227.18454284 3.12 0.0006
Error 31 1798.10050419 58.00324214
Total 47 5432.7331917

Parameter Standard Type It
Variable Estimate Irror Sum of Squares I Prob)l

INTIRCIP 1.04953728 00.49270327 0.01927300 0.00 0.9856
31 2.18886033 23.42607673 0.50633481 0.01 0.9262
32 5.30901809 18.00190729 5.04479634 0.03 0.7700
33 7.44665489 16.63703136 11.2045285 0.20 0.6576
34 -6.60363922 7.58932104 43.91302092 0.76 0.3909
35 5.44769015 16.22766779 8.53679475 0.11 0.7394
36 3.64946975 12.42948615 5.00040753 0.08 0.7710
97 -15.03296104 8.48199350 182.19877917 3.14 0.0862
"PSRI 0.16837660 0.15006764 73.01937477 1.26 0.2705
P1R2 0.03669079 0.34800142 0.64476923 0.01 0.1167
P113 -0.16328066 0.10675457 135.69029847 2.34 0.1363
P114 -0.52615620 0.5293872S 57.29737150 0.99 0.3280
M115 1.20002082 0.72746317 157.83663534 2.72 0.1091
N5R6 0.44035438 0.17012541 11.95091491 0.31 0.6531
HS29 -0.22490935 0.83420501 4.21620476 0.07 0.7892
MS1I2 -0.2$570838 0.56769783 11.76313726 0.20 0.6555
NSR13 0.91619994 0.73433742 90.29037740 1.56 0.2215

Bounds on condition nhmber: 159.8623. 9096.37

Step 3 Variable I1 Removed &-square a 0.66893149 C(p) a 13.01762504

DF Sum of Squares Mean Square t ProbPF

Regression 15 3634.12629067 242.27501604 4.31 0.0003
Error 32 1798.60690100 56.20646566
Total 47 1432.73319167

Parameter Standard TyZo II
Variable Estlmate Error Sun of Square& I Prob)?

INTERCIP 6.61121580 72.13041360 0.47218490 0.01 0.9275
D2 3.78409283 7.47838786 14.39109596 0.26 0.6163

The SAW System 16:47 thursday, July 12. 1990
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33 8.91088010 5.49989552 147.54329413 2.63 0.1150
34 -. 69433773 7.40948861 45.88017282 0.62 0.3730
35 6.5293S112 11.190456945 19.12104576 0.34 0.5638
36 4.74367607 4.10066436 75.21559191 1.34 0.2559
37 -14.79616899 7.96819519 193.80497201 3.45 0.0726
"Pi1 0.16996054 0.14677948 75.36189546 1.34 0.2555
P1532 0.02706732 0.32722207 0.38458440 0.01 0.3346
PS13 -0.16235238 0.10463203 135.32362538 2.41 0.1306
5134 -0.53818088 0.50549048 63.71135605 1.13 0.2350

PS15 1.19247323 0.71167871 157.80312578 2.81 0.1036
MS16 0.35844899 0.40913459 43.14282673 0.77 0.3875
M129 -0.24414498 0.79578417 5.21043384 0.09 0.7610
$1312 -0.26216749 0.55467723 12.5634623 0.22 0.4337

NSR13 0.30757545 0.71714090 90.02078026 1.60 0.2148

bounds on condition number: 26.34193, 2390.705

Stop 4 Variable MSR2 Removed 1-square @ 0.46886070 C(p) a 11.02382969

Df Sum of Squares Mean Square I Prob)f

Regression 14 3433.74170627 259.55297902 4.76 0.0001
Error 33 1798.99148539 84.51489350
Total 47 5432.73319167
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Parameter Standard Type II
Variable Istimate Error SuN of Squares V Prob)?

INTEICEIP 1.2751216 70.19402785 0.62682815 0.01 0.9152
32 3.93336668 7.14734126 10.51031813 0.30 0.5858
33 8.99617705 5.32046948 155.85657615 3.86 0.1003
14 -6.5953695 7.19761565 45.74116803 0.84 0.3663
35 6.28244338 10.62568637 19.09716737 0.35 0.564
8 36 4.67734213 3.98051108 78.03454983 1.39 0.2460
37 -14.03568056 7.6657S265 20S.73921823 3.?9 0.0600
Mail 0.17071426 0.14427508 76.325$3469 1.40 0.2452
H853 -0.16558869 0.09557054 163.65468085 3.00 0.092S
MSR4 -0.55148330 0.41196101 74.43333813 1.37 0.2510
"NS3s 1.21204804 0.66100578 163.21230579 3.36 0.0757
M518 0.37128839 0.37280801 54.07137978 0.99 0.3265
"MSiR -0.23784741 0.78012303 5.06740735 0.00 0.7624
"Sall2 -0.26158378 0.54622256 12.30231909 0.23 0.6352
NS313 0.91532641 0.70021221 33.15534619 1.71 0.2002

Bounds on condition number: 25.11874, 2013.873

Step S Variable Ni19 Iemoved I-square a 0.66792794 C(p) * 9.10558415

DF Sum of Squares Mean Square F Prob r

Regression 13 3628.67429892 279.12879222 5.26 0.0001
Error 34 1804.05889275 53.06055567
Total 47 5432.73319167

Parsmetor Standard Type II
The SAO Systes 16:47 Thursday, July 12, 1990
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Variable Estimate Error Sum of Squares V Prob•F

INTIERCEP 5.21593729 68.84623724 0.30456227 0.01 0.9401
32 4.25202660 6.97555639 19.71540359 0.37 0.5462
D3 8.47965536 4.97580381 154.00966691 2.90 0.0975
84 -6.26394820 7.02044981 42.24139291 0.80 0.3786
35 6.19532325 10.47920196 18.54570367 0.35 0.5563
36 4.75973487 3.89621863 79.10519157 1.49 0.2305
B7 -15.468$1761 7.36955107 233.68750720 4.40 0.0434
MSRI 0.10571104 0.13380971 102.20496012 1.93 0.1742
HeR3 -0.16744931 0.09409469 168.0382963S 3.17 0.0641
H834 -0.S5936S68 0.46530085 75.71343185 1.43 0.2405
MSRS 1.24206453 0.04485512 196.85017801 3.71 0.062S
"$SRe 0.40753539 0.34659830 72.51902235 1.37 0.2505
HSR12 -0.29055394 0.53067067 15.90650738 0.30 0.5876
N5113 0.94335148 0.68483075 100.68211963 1.90 0.1774

Boumnd on condition number: 24.8351, 1775.372

Step 6 variable I6112 Resoved 3-square - 0.66500004 C(p) s 7.36221002

of Sum of Squares Mean Square F Prob)F

Regression 12 3612.76779154 301.06398263 5.70 0.0001
Error 35 1819.96540012 51.90901143
Total 47 5432.73319167

Parateter Standard Type 1I
Variable Estimat* Error Sum of Squares 1 Prober

INTERCEP -10.46943966 61.97332615 1.48399471 0.03 0.8668
12 3.865$3421 8.87005342 16.46583571 0.32 0.5772
63 8.58693280 4.92195836 158.26881303 3.04 0.0898
34 -6.03998070 6.93806112 39.40850373 0.76 0.3809
as 5.90090490 10.36757969 17.39201071 0.33 0.5647
36 4.94653130 3.84421939 88.09546571 1.66 0.2066
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37 -14.90063837 7.24469478 222.63587951 4.26 0.0460
KSa1 0.18079758 0.13219620 07.30597070 1.87 0.1800
NS13 -0.14921006 0.08712199 152.54155851 2.93 0.0956
MSR4 -0.49396160 0.44688578 63.53141698 1.22 0.2766
MS1S 1.15561459 0.61894045 161.26893666 3.40 0.0703
HERS 0.35694617 0.33275102 $9.83589105 1.15 0.2907
H$813 0.83377879 0.64835301 85.99508766 1.05 0.2069

bounds on condition number: 24.6051, 1554.405

Stop 7 Variable 12 Removed 2-square a 0.66196618 C(p) a S.6278%975

by SUN of Squares Reaun Square I ProbP

Regression 11 3596.30195583 326.03654144 6.41 0.0001
Error 36 1830.43123563 51.01197877
Total 47 5432.73319167

Parameter Standard Typo eI
The SAS System 16:47 Thursday, July 12, 1990
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Variable Estimate Error Sum of Squares T Probe?

INTIRCIP -16.46018178 *0.46986161 3.7797S348 0.07 0.7870
A3 9.83554955 4.35153225 260.60636457 5.11 0.0300
94 -6.64583492 8.78865266 48.88820505 0.96 0.3341
95 9.94336171 7.56117211 88.21864831 1.73 0.1968
56 5.25978065 3.76742794 99.43002039 1.95 0.1712
97 -15.33704652 7.14096536 234.73909406 4.60 0.0388
MS61 0.14293720 0.11267459 82.09387153 1.61 0.2127
M153 -0.14265920 0.08551520 141.96924980 2.76 0.1039
MS14 -0.29832955 0.27811464 58.69715007 1.15 0.2906
HSRS 1.06113653 0.59005262 164.98072683 3.23 0.0805
1136 0.20716596 0.19778656 55.96486009 '.10 0.3019
1SR13" 0.93685361 0.61600934 117.98886897 2.31 0.1370

bounds on condition number: 13.44892, 024.0826

Stop 8 Variable 34 Removed I-square * 0.65297036 C(p) z 4.41659219

Dy Sun of Squares Mean Square V ProbW

Regression 10 3547.41375078 354.74137508 6.96 0.0001
Error 37 1885.31944089 50.95457948
Total 47 5432.73319167

Parameter Standard Type II
Variable Estimiato rror Sum of Squares F Prob)P

INTEICIP -10.09806775 60.08579183 1.43918361 0.03 0.8675
33 11.50967349 3.99917152 422.05511288 8.28 0.0066
a5 6.16224805 6.40680563 45.84463993 0.90 0.3400
b6 5.23993104 3.76525323 908.68382748 1.94 0.1723
37 -20.76362609 4.51304876 1078.57306282 21.17 0.0001
""RI 0.17030072 0.10909110 124.175906787 2.44 0.1270
M533 -0.12700877 0.08396030 116.60109920 2.29 0.1388
MS14 -0.32438822 0.27868207 70.04083965 1.37 0.2485
MS95 1.47128018 0.41526184 639.63164163 12.55 0.0011
5536 0.30469033 0.17077030 162.20934704 3.18 0.0826
1i133 0.75441080 0.584681195 84.21726150 1.65 0.2066

Sounds on condition number: 0.9390649, 527.1538

Stop 9 Variable 35 lemoved 3-square a 0.64453178 C(p) • 3.15622161

DV Sum of Squares Means Square F Prob)f
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Regression 9 3501.56911065 38.06323454 7.66 0.0001
Irror 38 1931.16408082 50.62010739
Total 47 5432.73319167

Paremoter Standard Type II
Variable i8that te 8rror Sum of Squares 7 Prob)F

INtnCIp 37.15148629 33.55539349 61.29634548 1.23 0.2752
6 83 13.5885922? 3.34059017 540.63758536 16.55 0.0002
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b6 7.15754473 3.17228441 25$.71373600 6.09 0.0299
87 -16.42933007 3.778035S5 1209.26808542 23.80 0.0001
"MSRI 0.16078SS7 0.1084854? 111.63145565 2.20 0.1466
HSR3 -0.15370168 0.07800930 192.37397011 3.79 0.0511
MSR4 -0.46884846 0.23068878 209.91701504 4.13 0.0491
NSas 1.53796764 0.40872661 719.35523933 14.16 0.0006
MSR6 0.31216238 0.17036327 170.625828S3 3.36 0.074?
NSR13 0.29255890 0.32708156 40.65838230 0.80 0.3767

Bournd on condition number: 5.672815, 299.0091

Steplo Variable M8S13 elooved I-equare a 0.63704780 C(p) a 1.81217911

DF Sum of Squares Mean Square 7 Prob)r

legreesion 8 3460.91072855 432.61384107 8.56 0.0001
Error 30 1971.82248312 S0.5595S034
Total 47 5432.73319167

Parameter Standard Type I1
Variable Istimate Error Sum of Squares F Probef

INTBRCEP 66.30976087 7.93357938 3S31.092S8622 89.86 0.0001
33 13.66001221 3.33116330 850.18518419 16.82 0.0002
§6 8.15326334 2.96291202 382.6518598S 7.S7 0.0069
37 -18.63104334 3.76161865 1240.30365864 24.53 0.0001
"MSRI 0.17578793 0.10672545 138.73065396 2.74 0.1057
"61S3 -0.15781172 0.07867579 202.90743066 4.01 0.0521

SR4 -0.36588255 0.19940080 170.22870314 3.37 0.0742
"1SAS 1.38701417 0.37130161 705.52328415 13.95 0,0006
"1SAS 0.29394361 0.16670710 153.4#450756 3.04 0,0893

bounds on condition number: 5.64633S. 233.862

Stepli Variable MSI1 Removed I-square a 0.61151173 C(p) a 2.05037474

D0 Sum of Square@ Mean Square f Prob)f

Regression 7 3322.18007450 474.S371S351 8.99 0.0001
error 40 2110.35311707 52.76382793
Total 47 5432.73319167

armaeter standard Type II
Variable 8atimato Error Sum of Squares F ProbWV

INTINCIP 75.93696345 5.31682776 0996.866649056 180.46 0.0001
33 16.07328375 3.06029801 1455.51066724 27.50 0.0001
s6 7.09502355 2.95561241 304.05280409 5.76 0.0211
37 -18.24005406 3.83517005 1193.49138071 22.42 0.0001
M523 -0.12835237 0.07832074 141.70675817 2.60 0.1091
1154 -0.36721070 0.20369949 171.46957869 3.2S 0.0730
miSs 1.48725486 0.37423746 833.32036411 15.79 0.0003
"SI6 0.07440169 0.10663692 25.68542487 0.49 0.4894

Bounds on condition number: 4.580649, 139.9405
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Stopl2 Variable HMIS Removed t-square a 0.60078383 C(p) s 0.46470760

DV Sun of Square.s Ma Square I Frob P

Regression 6 3296.49484973 540.41577405 10.54 0.0001
Error 41 2136.23554194 82.10337007
Total 47 5432.73310101

Parameter Standard Type II
Variable Estimate Error Sua of Squares I ProbWI

IWIR8CMP 78.13800066 4.49745855 15727.37120828 301.85 0.0001
83 16.17760547 3.03745284 1478.00288127 28.37 0.0001
56 7.02304628 2.68932673 4W2•33667209 8.68 0.0053
37 -10.03420012 3.83934100 1425S.2S818S60 27.35 0.0001
"MS23 -0.09302451 0.05937716 1Z7.88564477 2.45 0.1240
1SR4 -0.32167007 0.19175027 146.63280917 2.81 0.1010
MSRS 1.33033056 0.20723412 1043.72887771 20.03 0.0001

bounds on oondition number: 3.05043, 82.01235

Stop13 Variable M5e3 Removed &-square a 0.58324399 C(p) a 0.52700656

DV Sum of Squares Mean Square f Prob)f

Regreesion S 3168.600900496 633.72180090 11.76 0.0001
Error 42 2264.12418671 53.90771873
Total 47 5432.73319167

Parameter Standard Type It
variable Estimate error SuE of Squares V ProbVI

INTSRCIF 76.27400412 4.41168677 16113.66431709 298.91 0.0001
83 15.53605983 3.06354609 1390.83002177 25.00 0.0001
36 9.21330030 2.60426038 674.702057S 12.52 0.0010
87 -21.23S79201 3.41474458 2084.83393175 38.67 0.0001
1SR4 -0.27675033 0.19284969 111.02417801 2.06 0.1587
1SR5 1.08706540 0.25815001 957.42223743 17.76 0.0001

Sounds on condition number: 2.S95654, 48.7456

Step14 Variable NS54 Removed R-square a 0.56280784 C(p) a 0.31019285

Dr Sum of Square@ Mean Square F Prob)'

Regression 4 3057.5848260S 764.30620651 13.84 0.0001
Error 43 2375.14834561 S5.23600850
total 47 5432.73311167

Parameter Standard type II
Variable Estimate Error Sum of Squares V Frob)?

INTEsCeP 73.06894506 4.15922242 17470.1S864048 316.28 0.0001
The SAS System 16:47 Thursday. July 12. 1900
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33 IS.54200413 3.10103352 1387.46937830 25.12 0.0001
8e 9.49250947 2.62878303 720.23609277 13.04 0.0008
37 -21.88474043 3.42611680 2253.72414890 40.80 0.0001
"M15 0.95166369 0.24290349 847.22744272 15.34 0.0003

bounds on oondition number: 2.550136, 31.94136

All variables left in the model are significant at the 0.1000 level.
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Sumary of Backward ElLainatlon Procedure for Dependent Variable MSIl

Variable Number Partial model
Stop Removed In lE*2 Baal C(p) P Prob)F

1 MONTH 17 0.0000 0.6691 17.0031 0.0031 0.9563
2 "Si? 16 0.0001 0.6610 15.0005 0.0066 0.0357
3 31 is 0.0001 0.6600 13.0171 0.0087 0.0262
4 Nan2 14 0.0001 0.6601 11.0230 0.0068 0.0346
5 MERB 13 0.0000 0.6670 0.1056 0.0330 0.7624
6 "a112 12 0.0021 0.66S0 7.3622 0.2098 0.5876
7 32 11 0.0030 .0.6620 5.6271 0.3167 0.5772
8 34 10 0.0090 0.6530 4.4166 0.09S4 0.3341
9 35 9 0.0084 0.6445 3.1S62 0.0991 0.3490

10 NMS13 8 0.0075 0.6370 1.0122 0.8000 0.3767
11 "SRI 7 0.025S 0.6115 2.0504 2.7439 0.1057
12 K816 6 0.0047 0.606S 0.4640 0.4686 0.4894
13 MS13 5 0.0235 0.5832 0.5280 2.4S4 0.1249
14 MS14 4 0.0204 0.5626 0.3102 2.059S 0.1087
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Backward Eliminatlon Procedure for Dependent Variable 1421

Step 0 All Variables Entered R-square a 0.35556169 C(p) a 19.00000000

D? Sun of Squares Mean Square F ProbVr

Regression 18 44.17407303 2.45416517 0.69 0.5948
8rror 29 80.06490364 2.76086185
Total 47 124.23996667

Parameter Standard Type II
Variable Estimate Error Sum of Squares V Prob)?

INTZACSP 18.51179685 19.8862313# 2.39241684 0.87 0.3536
31 -8.04124419 5.88106680 5.161S3589 1.87 0.1820
52 -7.38098961 4.42090594 7.69575642 2.73 0.1058
33 7.2973S750 3.94220803 9.46012436 3.43 0.0744
34 -2.05070027 1.66688264 4.17867698 1.51 0.2285
35 5.82758246 4.01758180 5.80887558 2.10 0.1576
56 3.72623120 2.82225171 4.81274423 1.74 0.1071
37 2.81044913 2.02550026 5.31534584 1.93 0.1758
MONTH -0.20636109 0.10619101 3.05451394 1.11 0.3016
MS81 -0.05397441 0.03201184 7.84872835 2.84 0.1025
MS52 0.01678132 0.07886079 0.12472078 0.05 0.8332
M653 0.01012S16 0.02421427 0.48273209 0.17 0.6789
1S54 0.00451931 0.12056250 0.00387939 0.00 0.9704
MSRS -0.13626756 0.10407810 1.00426992 0.69 0.4130
Man$ -0.48001S40 0.22176187 12.08399370 4.70 0.0386
SR7 0.00715523 0.01709780 0.48351690 0.18 0.6787

M518 -0.00066281 0.03914986 0.16818641 0.06 0.8068
NSI12 0.10605154 0.12541135 2.00731373 0.73 0.4008
NSR13 -0.09045073 0.17657060 0.72446036 0.26 0.6123

bounds on condition number: 175.4078, 12325.72

Step 1 Variable 1834 Removed 3-square a 0.35S53047 C(p) a 17.00140514

DF Sum of Squares Men Squre F ProbP

Regresslon 17 44.17109364 2.59829963 0.97 0.5085
Error 30 80.06887303 2.66896243
Total 47 124.23396667

Parameter Standard Type It
Variable Estimate Error Sum of Squares T Prob)?

INTERCEP 18.84835177 17.44623729 3.11519609 1.17 0.2886
E1 -6.10405293 5.54270810 5.70562184 2.14 0.1541
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32 -7.37667981 4.34523481 1.69197434 2.88 0.0990
S3 1.33570683 3.74323313 10.25021273 3.84 0.05k
34 -3.04066707 1.61163810 4.24740496 1.59 0.2166 '
a5 5.78941134 3.82116088 6.12661556 2.30 0.1402
86 3.74940081 2.70751607 5.11828085 1.02 0.1763
37 2.82240175 1.06667210 5.40687809 2.06 0.1616
MONTE -0.20581123 0.19235831 3.05533583 1.14 0.2932
Real -0.05340832 0.02889133 9.15140363 3.43 0.0739

The lAS System 16:47 Thursday, July 12, 1990
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812 0.01558598 0.07114509 0.12809172 0.05 0.8281
MSR3 0.00075107 0.02177279 0.53608405 0.20 0.6372
"Us15 -0.13300588 0.13677086 2.52404450 0.0S 0.338S
"HSte -0.48047205 0.21772947 12.09703470 4.81 0.0351
HSR1 0.00700TS2 0.01635825 0.48977554 0.18 0.6714
HSR8 -0.00991084 0.03703905 0.18213374 0.0? 0.7951
NS112 0.10SS811S 0.11195589 2.13836027 0.80 0.3719
MSR13 -0.09126022 0.17230373 0.74871434 0.28 0.6003

bounds on condition nunber: 174.0286, 10806.58

Step 2 Variable MS32 Removed R3-quare a 0.35449947 C(p) a 1S,04780070

DF SUM of Squares Meln Square F ProbWF

Regresslon 16 44.04300191 2.75268762 1.06 0.4254
Irror 31 80.16996475 2.58699886
total 47 124.23996667

Parameter Standard Type I1
Variable arstomate rror Sun of Squares F Probef

INTSRCEP 19.54301805 16.89017345 3.46346884 1.34 0.2561
81 -8.43369673 5.25200026 6.67087372 2.58 0.1185
52 -7.62911495 4.12483223 8.84976985 3.42 0.0739
83 7.60654217 3.47851540 12.37037680 4.78 0.0364
34 -2.00901409 1.58624081 4.14976941 1.60 0.2148
a5 5.94062551 3.70014328 6.66842861 2.58 0.1185
36 3.86303130 2.61624646 5.64021141 2.18 0.1499
87 2.79854574 1.03326816 5.42096823 2.10 0.1S78
MONTH -0.20293718 0.18894064 2.08448030 1.15 0.2011
"PSR1 -0.05398750 0.02835918 0.375029S0 3.62 0.0663
M323 0.00912612 0.02124695 0.47728215 0.18 a 0705

SRS -0.13171760 0.13452985 2.47097062 2 A6 j..s38
HSP6 -0.48978276 0.21023669 14.04061735 5.43 0.0235
NS17 0.00629203 0.01578087 0.41126034 0.16 0.692S

SRS -0.00911671 0.03718107 0.1S553520 0.06 0.807w
MSI12 0.10701021 0.11505075 2.20380105 0.85 0.3832
NS213 -0.08455425 0.16603893 0.66366955 0.26 0.6161

bounds on condition number: 168.3307, 9065.062

Step 3 Variable MS58 Removed 3-square s 0.35324757 C(p) a 13.10413644

Dp Sun of Squares laoo Square P Prob) P

Regression 15 43.88746671 2.92583111 1.17 0.3452
Error 32 80.3524090S 2.11101062
Total 47 124.239066867

Parameter Standard Type !I
Variable Estimate Error Sun of Squares F Prob~r

INTERCEP 19.85636431 16.59258443 3.59600931 1.43 0.2402
31 -8.51892024 5.16295352 6.83631535 2.72 0.1087
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22 -7.67391165 4.05981709 8,97160346 3.57 0.0678
'b 33 7.57296448 3.42439393 12,20043646 4.69 0.0343

34 -1.94330575 1.54030927 3.09183140 1.59 0.2162
as 5.00168412 3.62791954 8.53319403 2.60 0.1166
16 3.85384001 2.57727440 5.61405640 2.24 0.1446
37 2.96563066 1.7824299S 6.95121222 2.77 0.1059
MON"N -0.20356364 0.18612824 3.00348387 1.20 0.2823
"Sill -0.0$51238 0.0275609? 10.04641386 4.00 0.0540
H$i3 0,01036268 0.02033440 0.6S212460 0.26 0.6138
"MiiS -0.13993131 0.12636484 2.0939103? 1.13 0.2638
nil0 -0.49393869 0.20645201 14.37332561 5.72 0.0228
HSR7 0.00617549 0.015S4033 0.39602604 0.16 0.6937
M3112 0.10799877 0.11416743 2.24699751 0.89 0.3513

lSR13 -0.09473554 0.15930025 0.88806017 0.35 0.S562

Sounds on condition number: 167.2366, 8904.409

Step 4 Variable HSI? Removed 3-square a 0.3500S506 C(p) a 11.24776044

of Sum of Squares Mean Square V Prob)F

Regression 14 43.49094067 3.10649057 1.27 0.2769
Error 33 80.74902599 2.44694018
Total 47 124.23996667

Parameter Standard Type II
variable estinate Irror Sum of Squares F ProbWF

INTERCEP 20.02806183 16.37395954 3.66094980 1.50 0.2299
31 -9.15872679 4.84249083 8.75295131 3.55 0.0674
32 -5.15943294 3.82189039 11.15287548 4.56 0.0403
33 7.94347998 3.25270391 14.59338023 5.906 0.0201
34 -1.90749580 1.51792518 3.86411237 1.S8 0.2177
3s 6.11016307 3.52339174 7.35680154 3.01 0.0922
36 4.00488269 2.51635898 6.19808830 2.S3 0.1210
37 3.22570645 1.63663442 9.50538431 3.85 0.0572
MONTH -0.16293118 0.17644470 2.63015670 1.07 0.3074
"iSR1 -0.0S559339 0.02718251 10.23S06136 4.18 0.0489
MSR3 0.01229854 0.01048873 0.97445943 0.40 0.5323
1515 -0.15032846 0.12405633 3.59305712 1.47 0.2342
HSR6 -0.S0882507 0.20041781 15.77203517 6.45 0.0160
MSR12 0.10213870 0.11175726 2.04386638 0.84 0.3674
NER13 -0.08215906 0.15411999 0.69537060 0.28 0.597S

Sounds on condition number; 161.7305, 7735.707

Step 5 Variable HS1R3 Removed I-square a 0.34445896 C(p) a 9.49092766

Df aun of Squares Mean Square V Pr obk

Regression 13 42.79557008 3.291906693 1.37 0.2219
Error 34 81.44439600 2.30542343
Total 47 124.23990667

Parameter Standard Type It
The SAS System 16:47 Thursday, July 12, 1990
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Variable Estimate Error Sum of Squares F Prob)f

INTERCEP 14.20985003 12.21029568 3.27922400 1.37 0.2501
31 -9.40700552 4.76902435 3.32039S00 3.85 0.0567
32 -8.40528379 3.75331227 12.00907095 5.01 0.0318
93 7.88997100 3.21674862 14.41116056 6.02 0.019S
94 -2.15949832 1.42717336 3.48446881 2.29 0.1395
35 7.02777034 3.04177217 12.78606482 5.34 0.0271
36 3.83030217 2.46857572 5.76734410 2.41 0.1300
97 3.23283116 1.61926030 9.S480S701 3.00 0.0539
MONTH -0.2102S3S2 0.16103565 4.44049337 1.55 0.1523
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Hall -0.05722041 0.02672476 10.06135902 4.58 0.0395
NU3 0.01195016 0.01927164 0.32107011 0.35 0,5303
MUS -0.14483081 0.12231864 3.35620570 1.40 0.2446
Hat$ -0.51909008 0.19737935 16.56781771 6.92 0.0127
"Nuil, 0.0036I706 0.10513054 1.51747340 0.83 0.4316

Sounds on onodition number: 160.2374, 6500.611

Step 6 Variable =2i3 Removed I-squere a 0.33704533 C(p) * 7.83324454

OP Sum of Squares Nean Square 7 Prob)F

Regressioo 12 41.87449097 3.48054166 1.48 0.1774
Irror 35 82.36546670 2.35323905
Total 47 124.23096667

Parameter Standard Type 11
Variable istimate Irror Sun of Squares 7 Prob)T

INTIRCIP 15.24603900 12.01597362 3.78355188 1.61 0.2129
a1 -8.84025770 4.63025820 6.54405693 3.63 0.0650
22 -8.11446958 3.63150766 11.37076917 4.83 0.0346
93 7.56657822 3.14615652 13.61179878 5.78 0.0216
34 -2.34848418 1.38193827 6.70634016 2.81 0.09t1
35 6.81331919 2.99535615 12.17578789 5.17 0.0292
36 3.47193603 2.37874213 5.01332452 2.13 0.1533
37 3.52179479 1.53706076 12.35444227 5.25 0.0281
MOMTH -0.22913211 0.15883050 4.89757619 2.08 0.1580
"MSiI -0.05670487 0.02647503 10.79481794 4.59 0.0393
MSRS -0.12496629 0.11700664 2.68436689 1.14 0.2928
MSe6 -0.49122040 0.1904965S 15.64788628 6.65 0.0143
M3312 0.06811735 0.10110104 1.06637132 0.45 0.5053

bound& on condition number: 151.9287, 5974.188

Step 7 Variable ISl12 Removed 3-square a 0.32846217 C(p) a 6.21040035

Do Sum of Squares Mean Square P Prob)?

Regreselon 11 40.80812865 3.70982988 1.60 0.1404
Irror 38 83.43183802 2.31755106
Total 47 124.23996667

Parametor Standard Type II
The US System 16:47 Thursday. July 12, 1990
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Variable vstimato irror Sun of Squares F PFrob)

INTEIRCR 21.85382408 6.87732814 23.40155074 10.10 0.0030
&1 -0.18023330 4.57652443 0.32535076 4.02 0.0524
32 -8.30522141 3.63900656 12.32858260 5.32 0.0270
33 7.86877054 3.09022219 15.02670151 6.48 0.0153
S4 -2.31186651 1.37033914 6.50628551 2.85 0.1002
as 6.97843492 2.96253720 12.850931256 5.SS 0.0241
m6 3.77157003 2.31800874 6.13065046 2.65 0.1126
37 3.28600884 1.48520770 11.34468201 4.90 0.0334
"MONTH -0.20221698 0.15254350 4.07265064 1.76 0.1933
"MSI -0.05617343 0.02626230 10.60285407 4.58 0.0393
MSS -0.12470344 0.11611426 2.67635892 1.16 0.2696
NSR6 -0.50119456 0.18847142 16.38894444 7.07 0.0116

Bounds on condition number: 151.0005, 5387.776

Stop 8 Variable MS2S Removed 3-squaro a 0.30691549 C(p) a 5.18910023

DF Sm of Squares Mean Square ? rlob)?
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Regression 10 30.13116972 3.81311697 1.64 0.1333
Irror 37 06.10079694 2.32726478
Total 47 124.2309666?

Parameter Standard Type II
Variable geti"ate Irror sum of Squares P Prob)

IRTERCEP 18.52303522 4.15260131 21.0940047? 3.06 0.0047
aB -0.37600014 4.92438632 7T07627246 3.43 0.0731
92 -7.06630247 3.62574130 11.24046244 4.83 0.0343
53 8.08450093 3.00660643 16.08752350 6.48 0.0152
54 -1.05000107 0.70821698 5.11033281 2.20 0.1466
as 6.13671192 2.86312100 10.69147422 4.60 0.0387
as 3.17746636 2.25677281 4.61351605 1.08 0.1676
37 1.99160045 0.87080962 12.17065717 5.23 0.0280
MONTH -0.21850014 0.15210701 4.80231638 2.06 0.1593
"MSR1 -0.05795385 0.02626400 11.33070596 4.67 0.0336
MS10 -0.45650958 0.18421306 14.29238678 6.14 0.0179

bound@ on condition number: 143.6606, 4492.466

Step 9 Variable 36 P--aoved 3-equame a 0.26078167 C(p) a 4.86014221

DI Sum of Square@ Moan Square F Prob)V

Regression 9 33.51765367 3.72418374 1.56 0.1628
Irror 38 90.72231209 2.38742029
Total 47 124.23996667

Parameter standard Type 11
Variable tetimate Irror Sum of Squares F ProbI?

INTIRCEP 10.77810297 2.79051658 35.61606709 14.02 0.0004
&1 -2.24327904 1.23954565 7.81937544 3.28 0.0782

The SAS System 16:47 Thursday. July 12, 1990
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02 -3.10729796 1.12160095 18.32397043 7.68 0.0086
33 3.832361S2 1.15748815 26.17160467 10.96 0.0020
34 -0.84795351 0.70242135 3.47919837 1.46 0.2348
a5 2.36432840 1.02230641 12.76979574 5.35 0.0262
37 1.45067406 0.79161668 0.01752528 3.36 0.0747
MONTH -0.10897946 0.13239162 1.61770304 0.68 0.4156
"MSRI -0.0630791S 0.02634555 13.68634485 5.73 0.0217
H1S6 -0.21318340 0.06454577 26.00333707 10.80 0.0021

Bound@ on condition number: 17.21949, SOS.592S

Step1O Variable MONTE Removed 3-square a 0.25676070 C(p) a 3.446083S3

Dy Sun of Squares Mean Square i Prob)

Reiression a 31.89995063 3.98749383 1.68 0.1333
Error 30 92.34001604 2.36769272
Total 47 124.23996667

Parameter standard Type It
Variable getimate error Sun of Square* V Prob)f

INTIICEP 10.13194553 2.68674362 34.17814619 14.44 0.0005
al -2.09822523 1.22187408 6.98194850 2.95 0.0939
32 -2.98088737 1.10643619 17.18556164 7.26 0.0104
93 3.70164838 1.14179501 24.88S09960 10.51 0.0024
04 -0.84081505 0.699458060 3.42138748 1.45 0.2366
3S 2.25069091 1.00874687 11.78671145 4.98 0.0315
07 1.40828375 0.78666794 7.58792048 3.20 0.0812
"fSRI -0.06229220 0.0262191S 13.360458207 5.64 0.0225
HWas -0.20551152 0.06365512 24.67919468 10.42 0.0025
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bounds on oondition number: 16.86102, 434.1724

MtopHl Variable 54 Removed i-square * 0.22122224 C(p) a 2.68532970

Vp Sum of Squares noe Squaro V ProberF

Rtresslion 7 28.47856315 4.06836016 1.70 0.1361
Error 40 95.76140352 2.39403509
Total 47 124.23096667

Pararetor Standard Type II
Variable Astimato Error Sum of Squares F Frob)f

INWTtCIP 8.74504314 2.41756530 31.32497306 13.08 0.0000
31 -2.246588?8 1.22238531 8.08507500 3.38 0.0735
32 -2.85520870 1.107s0601 15.20902114 6.65 0.0137
33 3.349506s0 1.10960890 21.81131516 9.11 0.0044
35 2.08421023 !.00473778 10.30168006 4.30 0.0445
37 0.09853055 0.71291594 4.69652425 1.96 0.1600
MSRI -0.04484670 0.02195754 9.98674517 4.17 0.0477
MSR6 -0.18009747 0.06037454 21.30265952 8.90 0.0048

bounds on condition number: IS.00113, 327.3285
The SA System 16:4? Thursday, July 12, 1990
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Stop12 Variable 37 Removed &-square a 0.19142020 C(p) a 2.38643773

DF Sum of Squares Mean Square F Prob)f

Regression a 23.718203890 3.96367315 1.42 0.1668
Error 41 100.45702777 2.45019336
Total 47 124.23996667

Parametr Standard Type I1
Variable Bst imte Error Sum of Squares I PrOb)?

INTIRCP 6.771920373 1.99140325 28.30483218 11.59 0.0015
BI -1.59518673 1.14393377 4.78932758 1.95 0.1705
B2 -2.07152008 0.96702625 11.24361322 4.59 0.0382
33 2.85957182 1.06540622 17.65110576 7.20 0.0104
as 1.70143804 0.99421339 7.95508313 3.25 0.0789
"nSRI -0.02925889 0.01914883 5.72043220 2.33 0,1342
"NSR6 -0.13393606 0.05117551 16.78300415 4.55 0.0124

bounds on condition number: 10.53016, 210.8752

Itepl3 Variable 31 Removed i-square a 0.15303217 C(P) a 2.11301554

or Sum of Squares ean square F Prob)l

Regression 5 11.01271132 3.80254226 1.52 0.2049
Error 42 103.22725535 2.50541004
Total 47 124.23906667

Parserter Standard Type II
Variable Estimte ErrVr ls. of Squares V Prob)t

!WTfICIP 5.37142557 1.73607083 23.09392141 9.57 0.0035
32 -1.20210134 0.79821821 6.566$1408 2.62 0.1130
33 1.75811600 0.72343156 14.70718671 5.01 0.0194
95 0.72395916 0.64197509 3.15419017 1.27 0.265S
MAIl -0.03294380 0.01917839 7.39268550 2.05 0.0032
M516 -0.08440881 0.03727445 1I.84789411 5.13 0.02$8

Sounds on condition number: 5.463601. 60.00275
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Stepl4 Variable 35 IRmovd a-square a 0.12738471 C(p) a 1.26737190

3D $us of squares Mean Square I ProbeV

Regression 4 15.l2652115 3.11663029 1.57 0.1997
Error 43 108.41344552 2.52124292
Total 47 124.23990667

Paraeoter Standard Type 1I
Variable Estimato lrror 5um of Squares 7 Prob~f

INT•SCEP 4.67227704 1.62671034 20.79122438 8.25 0.0063
The MSA System 16:47 Thursdayo July 12, 1300
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32 -0.70464734 0.66730343 3.57534650 1.42 0.2403
33 1.7080:367 0.72434438 14.01654600 5.56 0.0230
"SI -0.02685112 0.01889! 5.18054173 2.33 0.1340
"in$ -0.06638108 0.03377f 0.7369442S 3.86 0.0559

bounds on condition number: 4.458811, 48.50641

2topis Variable 32 Removed S-square a 0.09860837 C(p) a 0.56238234

of un of Squares Mean Square F Prober

lRorossion 3 12.25117457 4.08372480 1.60 0.2019
Error 44 111.38879210 2.54519982
Total 47 124.23906647

Parametor Stanri~rd Type It
Variable Estimate Error Sum of Squares F Prober

INTRICIP 3.01474750 1.46556293 17.24425887 6.78 0.0126
53 1.11668384 0.52004366 11.31934107 4.45 0.0407
"SIll -0.02330116 0.01839414 4.08430612 1.60 0.2110
"Sao0 -0.04465031 0.02867230 6.23019384 2.45 0.1249

Sounds on condition number: 3.112334. 22.10222

StoplS Variable i31 Removed I-square s 0.06573463 C(p) a 0.04234204

of Sumof squares ManM square F Prob)l

legression 2 0.10666845 4.0034:421 1.58 0.2106
Error 45 118.07309821 2.57E40218
Total 47 1:4.30006667

Parameter Standard Type II
Variable IStimate Error Sm of Squares F Frob)l

INTRICIP 2.10602731 0.17600143 24.37100029 13.88 0.0007
21 0.84963101 0.4016097: 7.78744195 3.02 0.0801
OSll -0.01i55330 0.01706164 2.146031.2 0.83 0.3660

Dounda on conditlo nombert 1.110543, 4.44233
* S. ****--------------------S...-- ----..---------------------------------------------

ItepI7 Variable NM86 Removed 3-squaso * 0.04846132 C(p) a -1.11085172

of sum of Squiaro Nean Square F probe

tegression I 6.02OSSA33 C.028M3M$ 2.34 0.1127
Error 40 110.21013333 2.56398116
total It 11J),8903667

Vt , V r Standard ?ype II
Variable is oat# Error $wm of Squares F Prober
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INTIRClP 1.62416667 0.23138087 126.62003333 49.27 0.0001
The SAS System 16:47 Thursday, July 12, 1990
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33 0.70033333 0.46277675 4.02083333 2.34 0.1327

ounds on condition *umber: 1, 1

0topl0 Variable 33 Raeovod &-squa•e a 0.00000000 C(p) a -0.99957135

Do Su of Squares lean Squaie I Prob21

Regresuion 0 0.00000000
Irror 47 124.23096667 2.64340355
Total 47 124.23996667

Paraaeter standard Type I1
Variable Estiaate Error Sum of Squares V Prob),

ITINTRCI 1.62416661 0.23467191 126.62003333 47.90 0.0001

Sounds on condition number! 0. 0

All variables left In the model are significant at the 0.1000 level.

Summary of Iackward Elimination Procedure for Dependent Variable PS119

Variable Number Partial Model
Stop Removed In 2602 1682 C(p) I Prob)1

1 3154 17 0.0000 0.3555 17.0014 0.0014 0.9704
2 M$22 16 0.0010 0.3S45 11.0478 0.0460 0.8201
3 1ME8 is 0.0013 0.3532 13.1041 0.0601 0.8070
4 "S117 14 0.0032 0.3501 11.2478 0.1579 0.6037
S NE533 13 0.0056 0.3445 9.4096 0.2642 0.?975
6 M123 12 0.0074 0.3370 7.8332 0.3845 0.6393
7 Ps1932 11 0.0036 0.3285 6.2195 0.4531 0.5053
8 PS1 10 0.0216 0.3069 1.1891 1.1551 0.2894
9 a6 0 0.0371 0.2498 4.8601 1.9824 0.1616

10 "ORIN 8 0.0130 0.2568 3.4461 0.6776 0.415V
11 34 7 0.0275 0.2292 2.6853 1.4450 0.2366
12 37 6 0.0378 0.1114 2.3864 1.6618 0.1690
13 31 5 0.0354 0.1530 2.1132 1.9465 0.1705
14 Is 4 0.0256 0.1274 1.2680 1.2717 0.2968
15 32 3 0.0218 0.0986 0.5630 1.4181 0.2403
I6 "S1I 2 0.0320 0.0657 0.0423 1.6047 0.2110
17 mine 1 0.0173 0.0451 -1.1804 0,89320 0.3660
1i 53 0 0,0485 0.0000 -0.9096 2.3426 0,1327
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baokwrd IlioLintion Procedure for Dependent variable M1212

Stop 0 All Variables Entered -squasre a 0.59809214 C(p) * 19000000000

SIP SM of square@ Mean Square ? ProbW

$egreasion 10 251.78011221 14.21050623 1.41 0.0170
Error at 171,24330779 59,0464441
toal 47 427.03250000

P#rameter standard type It
Variable Estimate Error Sun of Squares F Prob)f

10?liCiP 03.14403501 27.02843607 32.64690432 1.55 0.0251
$1 -6.06060901 1.60210445 2.71949123 0.47 0.4066
32 -.309396943 6.71764017 0154966089 0.10 07589
33 3,32993140 6.04166300 1.47168620 0.28 0.591l
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34 -0.25724130 2.S0010727 0.06251438 0.01 0.3188
a5 2.17S67729 4.07155743 0.75823627 0.13 0.7227
so 2.16875414 4.23000308 1.55344165 0.26 0.6111
37 -1.10728014 3.05205334 0.77723754 0.13 0.7194
"ONTH 0.22800675 0.28924856 3.66S26823 0.62 0.4359
"HSRI 0.04203365 0.04843230 4.44774314 0.75 0.3326
HIlR -0.04494915 0.11511876 0.90025708 0.15 0.6391
HS23 -0.05588877 0.03396300 15.994428?7 2.71 0.1107
NSR4 -0.27429338 0.16880553 15.59101590 2.64 0.11S0
NMS 0.2528062? 0.33642873 9.04151887 1.53 0.2253
K156 0.04635338 0.34352261 0.10365743 0.02 0.8354
M537 -0.02469616 0.02465740 5.32348178 1.00 0.3248
MSRS -0.02414501 0.05713981 1.05436360 0.18 0.6757
"SO33 0.22874846 0.263823040 4.294S3540 0.73 0.4008
"61513 0.37S22513 0.24984060 13.31692889 2.28 0.1440

Sounds on condition number. 203.8343, 13326.87
............................................a...............

Stop I Variable 14 Removed B-0sq4 g 0.59884575 C(p) * 17.01058679

Dv Sun of Squares Mean Square I Prob)P

R*Srtsslon 17 255.72659783 15.04274105 2.63 0.0093
Xrror 30 171.30590217 5.71019674
Total 47 427.03250000

Parameter Standard Type o
Variable Estimate Irror SUn of Squares f Prob'?

INTESCIP 64.00642564 26.$3364320 33.22801310 5.82 0.0222
31 -5.95536577 8.53706364 2,74010733 0.48 0.4938
32 -1.96341893 6.52723060 0.51447696 0.09 0.76S5
33 3.19159752 5.95472042 1.64038035 0.29 0.5953
as 1.90645644 5.38772300 0.71436071 0.13 0.7253
3f 2.10496756 4.11385315 1.43500633 0.26 0.6126
37 -1.29179538 2.42864065 1.61551843 0.28 0.5987
MONTH 0.23411513 0.27934273 4.01083083 0.70 0.4056
"SIRI 0.04343371 0.04070865 5.15$94196 0.30 0.3496
1592 -0.04674458 0.11189643 0.00650083 0.17 0.6701
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MI23 -0.05544493 0.03313381 15.3893953? 2.80 0.1047
HS34 -0.27726253 0.16355516 16.40973018 2.87 0.1004
NISA 0.30763871 0.18452314 15.87036030 2.78 0.1059
mile 0.05690681 0.32831460 0.17209437 0.03 0.8633
M527 -0.02503302 0.02403273 6.19539695 1.08 0.3058
NS58 -0.02326589 0.05555734 1.00137814 0.18 0.4784
Halt 0.2350S039 0.26478822 4.78401920 0.84 0.3673
minis 0.36711404 0.13527523 13.06551664 3.44 0.1231

Sounds on oondition number: 1S.3824, 11466.54

Stop 2 Variable Ni53 Removed 3.square * 0.13844274 C(P) a 15.03373124

oF Sm of Squares Mean Squatr I Prob'f

Regression 16 2551.5450147 15.37213634 2.83 0.0055
Urror 31 171.47733153 1.53114134
total 47 427.01320000

parmeter Standard Iyte II
Variable gatimate Ir3tr Dum of Squares F Prober

INSIC3P 66.02328734 23.41030548 43.73228007 7.31 0.0085
31 -7.3391428# 3.16031419 32.33641417 5.39 0.0240
a3 -S306376222 1.53477327 32.04231016 3.31 0.0146
33 4.15131340 2.16070746 10425340467 3.44 0.0643
35 2.71333014 3.09386101 1.61334267 1.01 0.3216

163



3 2.74372843 1.8110394S 12.69618187 2.30 0.1399
37 -1.1443026? 2.240S402 1.44431319 0.26 0.6130
MONTH 0.21803422 0.25838139 3.90854449 0.?1 0.4070
"S5RI 0.04216857 0.04441250 4.98670880 0.30 0.3497
M812 -0.05041642 0.108147191 1.20209048 0.22 0.6444
NS13 -0.05369532 0.03106623 16.52503874 2.99 0.0939
NS834 -0.27737141 0.16097565 16.42265381 2.97 0.0948
MR85 0.30249259 0.170926090 15.70088656 2.8S 0.1016
Nil7 -0.0259120? 0.02312286 6.94651965 1.26 0.2711
"Us53 -0.02201356 0.05421900 0.91184998 0.10 0.60?5
"4Sao 0.22034968 0.23859013 4.71809397 0.35 0.3629
MS513 0.36868816 0.2L.S1256 14.02865350 2.54 0.1214

bounds on condition number: 21.06736, 2063.47

Step 3 Variable ffR38 Removed 2-squaro a 0.53630743 C(p) u 13.10415267

OF am of Squares Neen Square F Irob) F

Regresslon is 254.64265149 16.97617677 3.15 0.0031
grror 32 172.38984851 5.3871827?
Total 47 427.03250000

Parameter Standard Type II
Variable Estimate Error Sun of Squares T Prob)F

INTR3CIP 65.64849495 23.15462363 43.30477690 8.04 0.0079
31 -7.10428379 3.06583564 28.92707835S 5.37 0.0270

The S1A System 16:47 Thursday, July 12, 1990
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92 -2.95849098 1.49650516 21.10861812 3.93 0.0560
33 3.75352303 1.90985752 20.80947298 3.86 0.0581
3s 2.53420639 2.62162369 5.03313646 0.93 0.3410
36 2.52847711 1.70895563 11.79253411 2.19 0.1458
37 -0.73432483 1.97313584 0.74614660 0.14 0.7122
MfONTH 0.21974174 0,25594161 3.971040$6 0.74 0.3970
"$SR1 0.03809321 0.04269507 4.28846176 0.90 0.3789
Hf32 -0.04949931 0.10670410 1.15930537 0.22 0.6459
ff53 .0.05104579 0.02997413 15.623S3925 2.90 0.0063
H$34 -0.26526541 0.15611241 15.65421618 2.83 0.0930
"g3s5 0.26954537 0.15774216 15.?3004270 2.92 0.0172
MS17 -0.02570640 0.02211367 6.83996545 1.27 0.2682
HfR9 0.22744337 0.23482396 5.05386322 0.04 0.3400
HS513 0.354S3143 0.22580544 13.27307719 2.46 0.1243

bounds on condition number: 20.93714. 1749.377

Stop 4 Variable a? 2lem0ve6 -square a 0.19416014 C(p) a 11.32051230

0D Sun of square@ mean Square P Frob F

Regression 14 353.81060419 11.13546463 3.46 0.0017
Irror 33 17.131993511 1.34654531
Total 47 417.03210000

Parameter standard Type 13
Variable Astibte Irror Sam of Squares F Prob)1

1N73ICIP 60.94431110 21,11304909 51.94192208 10.66 0.0026
31 -7.67351110 2.62213266 44.93170404 8.56 0.0062
32 -.3,0779#734 1,44131550 21.63644444 4.02 0,0411
33 4.00422760 1.76372711 27.04256937 3.15 0.0329
of 2.11234445 2.33305082 4.80085204 0.12 0.3718
3o 2.65414101 1.65303374 13.53942421 2.66 0.1178
MONTH 0.24010800 0.24645516 4.93970117 0.95 0.3361
"RI31 0.03963413 0.04193153 4.08141736 0.03 0.I515
P1632 -0.05214674 010409315 1.314111090 0.35 0.6201
"1233 -0,01461316 0.0279905l 20.00264956 8011 0.0154
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HSR4 -0.29540210 0.13171440 26.38697526 5.03 0.0317
SR5 0.26973741 0.15566870 15.75263$32 3.00 0.0925
"S43RI -0.0305252S 0.01853631 14.22804021 2.71 0.1091
HSR9 0.22170567 0.23123854 4.82288135 0.92 0.3446
"St13 0.33156426 0.21443132 12.34040889 2.39 0.1314

Bounds on condition number: 15.72596, 1296.318

p.

Step I Variable P4S12 Removed I-*quare, a 0.59140260 C(p) a 1.54306853

D? Sum of Square$ Mean Sqluar F frob)

Regression 13 252.58232009 19.42940931 3.79 0.0009
Irror 34 174.45017901 5.130887642
total 47 427.03250000

Parametor Standard type It
The SAS System 16;47 Thursday, July 12, 1990

35

Variable Estimate Error Sun of Square@ I PIob)?

IZTRAC3P 66.33448328 20.23219244 SS.ISS05333 10.?7 0.0024
ft -7.00334599 2.22946389 50.62940009 9.87 0.0035
32 -2.90162268 1.38921691 22.38382286 4.36 0.0443
13 3.46921888 1.38731136 32.08544126 4.2S 0.0174
is 2.18405404 2.30263701 4.61522484 0.90 0.3496
B6 2.47944357 1.59768652 12.35713573 2.41 0.1299
MONTH 0.22563169 0.24192562 4.46302126 0.87 0.3576
"PSRI 0.03809969 0.04135935 4.35395356 0.95 0.3634
P4633 -0.04944529 0.02569617 18.90790753 3.70 0.0627
P464 -0.26850839 0.11092189 24.15680183 8.10 0.0305
"SAS3 0.25106742 0.14945786 14.47890486 2.82 0.1022
NS17 -0.02854163 0.01791554 13.04063928 2.54 0.1201
M119 0.21389276 0.22815388 4.50950571 0.96 0.35S1
M$813 • 0.31245511 0.20865883 11.S0520152 2.24 0.1435

Bounds on condition number. 12.40247, 1020.308

Step 8 Variable M12l Removod S-square a 0.11128613 C(p) 8 0.28040914

D? sum of Squaros Mean Square P ProbVF

Regression 12 249.22634743 20.68659729 4.05 0.0006
Error 35 178.80413257 5.10868950
Total 47 427.03250000

Parameter Standard Type It
Variable Elstmate Error sun of squar1 s t ProbWV

IXTERCEP 11.07100364 20.14316319 13.$4004758 10.44 0.0027
91 -6.39679510 1,88441225 77.60324491 15.13 0.0004
32 -2.56612$58 1.34259140 18.91097047 1.70 0.0825
13 1.21624042 1.116914#3 21.70131202 §.82 0.0234
111 1.90415159 2.26078032 8.12485808 0.64 0.4301
Is 14.I85I017 1,23141157 9005061511 1.5$ 0.2177
MONTH 0.241S3092 0.24070311 I.15406890 1.01 0.3221
Pa63 *0.04042156 0.02541799 17.13122811 8.85 0.0711
MAU3 -0.23686691 0.11310174 22.20802104 4.11 0.0444
miss 0.26814728 0,14117126 16.14344220 8.24 0.0C01
""2H? -0.02949740 0.01714798 18.l5401017 2.71 0.1073
MISS 0.16783121 0,1221201 2.910l0132 0.17 0.4110
"121l3 0.13007141 0.20t18029 12.64128356 2.58 0.1204

Bounds on condition numberl 12.00579, 721.0382

Step 7 Variable Hill Removed S-square a 0.17441590 Cip) @ 1.7143443
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of Sum of Squares mean Square F Probal

Reroestson 11 245.31174611 22,30106965 4.42 0.0003 4
Warrw 36 161.72073361 5.04779166
Total 47 427.03250000

Parameter St•andAd Type 11
The US System 16:47 Thurnday, July 12, 1630

30 4

variable 5stlaste srror Sum of Squares I Pleb)V

INTIACEP 67.86621670 13.68139643 00.05S66186 11.30 0.0014
31 -5.29097363 1.37011558 75.47412596 14.05 0.0004
32 -2.41998341 1.31711457 17.03332486 3.36 0.0744
33 3.33620301 1.32786447 33.02035729 6.54 0.0149
to 1.14669139 2.2213S404 2.44463326 0.48 0.4909
36 1.47539624 1.21370426 ?.46847734 1.46 0.2311
MONTH 0.23207284 0.23897946 4.76024695 0.94 0.3380
"SRnS .0.04776165 0.02526166 18.04416660 3.57 0.0667
KS64 -0.25022$44 0.1115S120 25.39159688 5.03 0.0311
"fl515 0.27210371 0.14711552 17.26647244 3.42 0.0726
M517 -0.02716200 0.01747324 12.19772621 2.42 0.12M 8
"NSR13 0.30475024 0.20336011 11.33373682 2.25 0.1427

Sounde on condition number: 11.73045, 636.1954

Stop 6 Variable 36 Removed P-equate 9 0.56873206 C(p) s 5.10634225

DP Sum of squares Moan Square F PFrobp

Regression 10 242.86107266 24.28670729 4.80 0.0002
Irror 37 164.14642715 4.17744398
Total 47 427.03250000

Parameter standard Type 1I
Variable Betimate Strot Sm of Squares I proWI

INTRICIP 73.52724525 10.26807487 236.24256000 59.64 0.0001
31 -5.20923804 1.35462763 73.6062833S 14.17 0.0005
52 -1.49166011 1,06980365 16.56933417 3.13 0.0650
33 3.72306145 1,23334011 45.31$66135 3.11 0.0046
96 2.07179650 0.64636178 30.05444915 4.04 0.0188
MONTH 0.27.&40370 0.22940215 7.11622016 1.43 0.2394
K813 -0-0401550 0.02602764 17.23751631 3.46 0.0101
F114 00,26412716 0.0114619? 40.44339694 S.13 0.0071
"SOS5 0.26352771 0.14404041 16.0537l26l 3.41 0.0730
9657 -0.02311729 0.01631036 1.15231300 2.00 0.161?
"Sot1s 0.1112I141 0.101CO 011 14,6626?114 2.43 0.016$

Sounds on condition number: 7.$944911 $16.0l36
.......a.. ........ ....... . .----------.. .. ........

Step I Variable MONT3 Removed l-esuare s 0,1206711 €(p) * 4.33347132

of S1m of Squares ""na soulw"I Prob)

Regression 9 235.71011236 26.13453313 5.20 0.0001
Srtro so 191,28164731 1.03372761
Total 47 427.03210000

PArZAeter standard Type It 1
Variable sntisntn urboe Sum of squaree F Frob)P

INIRCIF 71.17764031 10239114471 210.34000020 17.60 0.0001
It -5.,3010682 1.31710327 71.23277114 11.14 0.0003

the WAl System 16147 Thursday, July 12, 1330
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J2 -1,?Ol1li1l 1.07172441 14.00201320 2.60 0.1021
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33 3.89650308 1.23168564 50.37789238 10.01 0.0031
Be 1.99609319 0.04624359 2.867469762 S.54 0.0230
MS1 -0.05872074 0.02300204 32.80243348 6.52 0.0140
MS64 -0.32354376 0.09457127 58.01727761 11.70 0.0015
MIRS 0.3S443295 0.12833432 38.30478464 7.63 0.0088

Hit? -0.01550007 0.01517229 5.25714044 1.04 0.3132
H3113 0.20379074 0.10782438 17.08303644 3.57 0.0664

Bounds on condition numbort 5.646304, 273.6607
............ fle e e......... ...... m............ ........ .

StoplO Variable Nil? Removed 1-equaoe a 0.53075567 C(p) * 3.28385065

of Sua of Squares Now square I lrob) F

legression a 230.40321225 26.91165133 5.72 0.0001
grror 39 100.53028775 5.03946892
Total 47 427.03250000

Parameter Standard type II
Variable Estimate Error Sn of Squares F Prob)f

INTERCRP $0.71930454 9.97561460 330.5931177S 65.60 0.0001
31 -4.77095481 1.23382816 75.3504?954 14.95 0.0004
32 -1.47350017 1.02564309 10.40141990 2.06 0.1588
53 3.45195232 1.15297645 45.17241684 8.96 0.0048
36 1.92057900 0.84550106 26.00264019 5.16 0.0287
US13 .0.06634101 0.02100031 53.37120704 10.50 0.0024

M514 -0.32558371 0.09460415 59.68836711 11.64 0.0014
"sits 0.37764769 0.12638007 44.99883198 8.93 0.0048
H5213 0.16006011 0.10238747 13.74104118 2.73 0.1067

Sounds on oondition number: 5.469413, 201.7457

Stopl1 . Variable 32 Removed 3-square s 0.61533822 C(p) a 3.04332702

of Sum of Squares Mean Square F Frob)1

Regression 1 220.09170226 31.44161461 0.08 0.0001
Error 40 206.04070714 6.17351760
Total 41 427.03250000

Parameter Standard Type 11
Variable lstiaate lrror Sui of Squares f Prob)?

INTIACIP 76.67638336 .648073604 324.31614436 62.73 0.0001
31 -5.25836327 1.20104142 09.01044868 19.14 0.0001
33 2.61716457 1.07022805 36.26053408 6.62 0.0126
36 1.64830300 0.834S8160 20.16438074 3.00 0.0563
NS13 -0.08456075 0.01603220 42.08170201 8.31 0.0068
"N514 -0.69003290 0.0081241' 0S.41002128 10.11 0.0003
HISs 0.34322904 0.12572810 38.55590804 7.45 0.0004
MSil3 0.2117896 0.0071707 25.46020141 4.92 0.0323

Bounds on oendition numbert 5.273170, 143.1572
The lAS Syste 16247 Thursday, July 12, 100

80

.0*.........................................................a.....

All variables loft In the model are siSnifliant at the 0.1000 level.

Summary of Baocvard Ilisination Prooedure for Dependent Variable 33312

Variable Number Partial Nodel
Stop Removed In 1902 1662 C(p) r ProbtV

1 54 17 0.0001 0.5i66 17.0101 0.0106 0.0161
2 "MN0 16 0.0004 0.0804 15.0807 0.0801 0.8633
3 NIll 15 0.0021 0.1063 11.1042 0.1648 0.0875
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4 37 14 0.0011 0.1546 11.3205 0.13•5 0.7122
S ff5t2 13 0.0031 0.591 9.5431 0.2505 0.6201
6 mil1 12 0.0102 0.*513 8.2604 0.6486 0.3634
7 mfft8 11 0.0068 0.5745 6.7743 0.5703 0.4550
8 as 10 0.0057 0.5667 5.1863 0.4643 0.4109
8 NoI ll m 0.0167 0.5521 4.3935 1.4207 0.2314

10 H217 8 0.0123 0.5398 3.2831 1.044S 0.3132
11 U2 7 0.0244 0.5154 3.0453 2.0640 0.1685

4
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035 31 32 33 14 IS 5 37 M01I MilN S132 K513 K534

1 0 0 1 0 0 0 0 1 21.30 04.68 48.10 16.32

2 0 0 1 0 0 0 0 2 20.58 85.07 $9.31 12.26

3 0 0 1 0 0 0 0 3 26.08 83.60 70.71 16.64

4 0 0 1 0 0 0 0 4 26.18 65.09 52.52 16.40
5 0 0 1 0 0 0 0 £ 26.64 84.23 55.2 1.T71
6 0 0 1 0 0 0 0.6 24.02 03.80 35.65 16.25
7 0 0 0 1 0 0 0 1 21.10 60.93 15.40 9.30
8 0 0 0 1 0 0 0 2 19.30 63.36 17.60 9.50
9 0 0 0 1 0 0 0 3 20.80 81.61 23.70 11.14

10 0 0 0 1 0 0 0 4 22.30 80.20 14.30 13.30
11 0 0 0 1 0 0 0 5 25.10 75.63 23.10 13.10
12 0 0 0 1 0 0 0 6 13.30 80.70 20.10 10.10
13 0 0 0 0 1 0 0 1 10.20 77.51 51.70 14.60
14 0 0 0 0 1 0 0 2 21.70 71.94 91.60 14.80
15 0 0 0 0 1 0 0 3 10.40 72.15 72.60 7.50
16 0 0 0 0 1 0 0 4 17.10 71.76 10.90 0.50
17 0 0 0 0 1 0 0 20.50 72.31 76.00 6.90
15 0 0 0 0 1 0 0 6 19.30 75.32 $3.00 6.90
1i 0 0 0 0 0 1 0 1 14.30 78.39 65.00 18.30
20 0 0 0 0 0 1 0 2 14.00 00.S7 72.00 14.20
21 0 0 0 0 0 1 0 3 13.50 79,09 57.00 15.20
22 0 0 0 0 0 1 0 4 13.20 80.50 25.20 17.80
23 0 0 0 0 0 1 0 5 13.00 80.72 25.50 23.80
24 0 0 0 0 0 1 0 6 17.90 80.5, 27.00 21.00
25 0 0 0 0 0 0 1 1 S1.80 67.48 66.00 24.00
26 0 0 0 0 0 0 1 2 45.60 72.31 115.00 31.00

035 IR5 HI56 HSt7 "11s H533 "5110 "all H11312 MI513

1 0.05 40.3 52 37.40 2.00 08.5 05.7 06.6 06.60
2 1.50 49.6 100 100.00 0.70 18.1 95.6 33.9 08.80
3 1.97 48.8 07 30.10 3.30 38.6 04.3 06.5 09.00
4 10.72 49.2 131 96.00 2.30 06.0 94.4 04.7 99.82
5 10.56 40.4 90 36.50 2.00 97.1 04.2 06.7 99.03
6 11.35 41.1 103 06.30 3.70 06.6 04.5 06.1 19.92
7 6.00 30.6 75 08.30 3.78 92.0 05.8 03.6 00.60
6 5.90 20.3 02 79.40 1.76 93.9 04.2 94.0 98.60
9 6.70 20.8 o0 63.10 1.10 $9.3 95.4 01.0 80.60

10 6.30 30.5 6o 72.60 1.75 66.9 05.0 97.2 99.33
11 7.56 20.6 71 $1.50 1.30 100.0 96.0 02.3 99.68
12 7.00 31.2 64 76.40 0.01 07.7 95.6 07.6 33.72
13 13.00 47.1 1t 0S.C7 1.70 02.0 04.5 03.9 63.30
14 13.70 45.9 26 77.42 1.65 69.0 95.0 IS.6 $0.40
15 17.20 46. 51 62.31 1.00 06.4 03.4 05.5 00.60
16 17.00 47,0 24 36.04 3.46 914 04.1 04.0 0$5.50
17 I8.30 44.0 100 97.22 1.97 94.7 93.4 94.4 60.90
i1 14.60 45.6 73 91,O0 1.30 04.5 94.0 9W.9 01,60
10 17.60 42.0 60 9,:24 .60 05.6 05.0 95.5 03.90
20 16.60 43.6 57 91.46 0,00 07.7 34.6 04.7 100.00
21 16.30 48.8 74 97.80 0.00 06.6 05.0 07.2 100.00
22 16.00 42.4 43 100.00 0.00 00.1 05.5 0o,0 0.00
23 17.20 41.0 46 96.59 0.00 01.5 90.4 81.1 03.70
24 16.20 41.7 00 00.20 1.00 05.4 0i5. 36.2 03,70
25 22.00 35.3 H1 75.60 0.00 64.1 00.1 67.2 95.40
32 20.00 14.5 of 71.60 1.70 96.2 32.0 07.6 07.10

The SAl System 146:49 Thursday, July 12, 1890
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M0 91 92 as 94 13 3 IS 7 NOV73 "Sal 3032 "233 N124

27 0 0 0 0 0 0 1 3 50.60 4.45 100.00 26.00
26 0 0 0 0 0 0 1 4 47.00 04.91 123.00 26.00
20 0 0 0 0 0 0 1 5 40.60 64.66 127.00 32.00
30 0 0 0 0 0 0 1 0 40,40 77.20 91.00 21,00
31 -1 -1 -1 .1 -1 -1 -1 1 232.0 70.10 46.00 10,00
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32 -1 -1 -1 -1 -1 -1 -1 2 31.60 77.16 50.00 21.00
33 -1 -1 -1 -1 -1 -1 -1 3 23.20 70.22 36.00 15.00
34 -1 -1 -1 -1 -1 -1 -1 4 34.00 70.17 38.00 16.00
35 -1 -1 -1 -1 -1 -1 -1 5 25.90 61.80 40.00 19.00
36 -1 -1 -1 -1 -1 -1 -1 6 21.00 66.75 44.00 12.00

03 HERS "Sit66 "M "sag M329 119110 M11311 085112 1113

27 24.00 34.2 76 57.50 0.00 9$.0 03.4 92.1 04.60 -d

28 26.00 34.3 98 55.70 0.00 90.9 61.2 02.9 04.00
20 20.00 32.3 135 61.00 1.20 04.0 95.1 88.4 0S,.0
30 30.00 31.0 102 65.20 5.60 04.1 93.0 94.5 95.70
31 17.00 20.6 50 64.40 2.00 05.0 906.2 906.0 05.60
32 17.00 20.9 43 93.90 1.20 04.4 905.6 94.5 97.10
33 13.00 30.4 63 91.00 0.00 95.8 95.5 96.3 04.60
34 15.00 29.8 87 92.30 1.10 05.2 93.4 92.5 04.00
35 15.00 30.0 67 64.60 0.00 03.9 06.0 94.6 05.50
36 14.00 27.2 60 80.00 1.10 97.6 05.2 906.6 95.70

The SAS System 16:49 Thursday, July 12. 1990
3

backward Elimination Procedure for Dependent Variable 1151O

Stop 0 All Variables Entered I-square * 0.64258878 C(p) a 10.00000000
NOTE: The model Is not of full rank. A subset of the model which to of full

rank is chosen.

Do Sun of Squares hean square I Prob)r

Regreesion 18 182.S8714007 10.14373000 1.70 0.1405
Error 17 101.55501548 5.97367738
Total 35 284,14305556

Parameter Standard Type II
variable Estinate Error Sum of Squares V Prob)V

INTtAEIP 00.48706723 56.32324156 15.41922904 2.58 0.1266
a1 7.31404712 30.11726127 0.20805022 0.03 0.8539
33 2.64580030 9.34822509 0.47856908 0.08 0.7806
34 0.55266712 0.45476434 0.02041184 0.00 0.5541
35 -6.4266610? 10.707900670 2.15187922 0.36 0.5563
56 .6.53$26528 8.14150974 3.65260421 0.64 0.4330
NONTH 0.50502532 0.38608536 10.22153078 1.71 0.2063
1521 -0.18530078 0.20150438 5.05263430 0.85 0.3706
M152 -0.22140415 0.21594808 0.21468520 1.05 0.3194
H153 -0.03361370 0,04280201 3.66874703 0.61 0.4440
M114 -0.34880430 0.21776757 15.33407680 2.57 0.1275
"11Sa 0.48423499 0.47024333 12.64700181 2.12 0.16390
"1it6 0.30535063 0.30601765 3.73822506 0,63 0.4301
M527 -0,04807622 0.02848700 17.01281054 2.85 0.1006
miss 0.01721005 0.06065573 0.56467562 0.06 0.6078
"MS55 -0.51600832 0.57572127 4.70575215 0.80 0.3826
"Sall -0.28010060 0.40128248 2.01216050 0.40 0.4045
H19312 -0.20171282 0.20711400 4.65202686 0.73 0.3008
MI313 0.68384410 0.81001668 218.0087734 4.84 0.0420

soundi on oondition nmbers 1280.700, 30867.02

ftop 1 Variable 34 lemoved 3-square a 0.64251606 C(p) a 17.00341605

of $s of Squaros Oean Square f Vrob~

Regression 17 162.10672828 10.73921091 1.80 0.0020
Error 1i 101.57632712 1.64312930
Total 35 284.14800556

Farametrt Standard Type It
Variable Estimats Ueror Sim of Square IF prob)t

INTINCSP 01.,3677004 53,12370422 16.46330206 2.05 0.1020
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91 3.28622316 19.23903440 1.31470701 0.23 0.6351
43 2.25784652 6.39484640 0.70303462 0.12 0.7282
as -6.?1026532 6.4?091779 3.62606170 0.64 0.4332
o -6,85629644 5.85756564 7.65278711 1.36 0.3594

Ho10rf 0.50986883 0.36650130 10.09215019 1.34 0.1811
1S11 -0.19189360 0.16349870 7.77342453 1.38 0.2655
"5312 -0.22476357 0.20272278 6.i3693086 1.23 0.2621

The US System 16:48 Thurslday, July 12, 1890
4

NS53 -0.03336620 0.04146500 3.65040198 0.65 0.4311
H184 -0.34895132 0.21165110 15.33930716 2.72 0.1166
"$a5s 0,66360380 0.30201038 27.24544933 4.83 0.0413
"Site 0.30260390 0.37237085 3.72664218 0.66 0.4270
H157 -0.04782606 0.02757?78 17.04430501 3.02 0.0993
"1St8 0.01695314 0.06756511 0.35S28372 0.06 0.804?
1150 -0.50091414 0.50019030 5.65027013 1.00 0.3201
H1151 -0.27023861 0.353S6171 3.29806347 0.S8 0.4545
"$5ll1 -0.26S26707 0.28271062 4.06757033 0.58 0.3605
1S113 0.68108646 0.20566080 29.34190000 5.20 0.0350

Sound* on condition number: 327.5658, 13641.43

Step 2 Variable 37 Entered I-square a 0.64256576 C(p) * 19.00000000
MOTI: The variable which previously had mall tolerance 1t now allowed to enter

after removal of sose variables from the model.

DF Sun of Square@ Nean Square I Prob)F

logression 18 182.58714007 10.14373000 1.70 0.1405
Error 17 101.55591545 5.97357738
Total 35 284.14305556

Parameter Standard Type II
Variable Estimate Error SUn of Squares f Prob)?

INTIRCEP 91.04063435 54.81407356 16.47944942 2.76 0.1151
al 10.63004362 30.33737288 0.73345070 0.12 0.7303
53 2.00323227 7.15881670 0.51075032 0.09 0.7735
as -4.0793200S 0.20630529 3.36715330 0.56 0.4631
s8 -7.00005240 7.26740746 5.68570013 0.9S 0.3429
37 -0.55266712 0.45476434 0.02041104 0.00 0.9541
NORTH 0.50502532 0.38608536 10.2215307S 1.71 0.2083
"SRI1 -0.16$31078 0.20159438 5.05263430 0.85 0.3706
H1122 -0.22140415 0.21604105 6.20466120 1.05 0.3104
HS33 -0.03361370 0.04250291 3.66814903 0.61 0.4440
HS34 -0.34609430 0.21776717 1.33407610 2.57 0.1275
"gaS 0.68423411 0.47024333 12.6470P181 2.12 0.1630
Hon3 0.30535063 0.31601713 3.73622508 0.63 0.4398
H1127 0.04807322 0.02648700 17.01208054 2.65 0.1008
"Mit0 0.02721005 0.06065573 0.36467562 0.06 0.0076
Hat8 -0.11600632 0.67572127 4.70875215 0.50 0.3826
H1811 -0.26010060 0.40128248 2.01266050 0.40 0.4845
1532 -0.26171262 0.20710400 4.18202686 0.?5 0.3900

HI013 0.68384410 0.31061468 28.00007734 4.84 0.0420

Sound@ on csondtion numbers 770.3173, 27?61.17

Stop I Variable 37 Assoved I-equate * 0.84211605 C(p) s 17.00341865

OF SUn of Squaros mean square r ProbW?

Rodreooion 17 182.56672823 10.73021031 1.00 0.0325
arror 1i 101,676327S2 5,64112380
Total 85 384.14305556

The $AS System 1S40 Thursday, July 12, 1900

Faxameter Standard Type 1i
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Variable Mstimate 3rror Sue of squares P Prob)I

IKTIRCI? 91.26277604 53.12270422 16.6623*205 2.95 0.1029
%1 9.28622316 19.23909449 1.31410701 0.23 0.6351
13 2.256?84652 6.39464846 0470303492 0.12 0.7282
as -6.79020512 8.47091779 3.626061?0 0.64 0.4332
of -6.83623644 5.68750654 1.65•78711 1.36 0.2594
ONTI 0.5086882 0.36680133 10.921S8s11 1.04 0.1811
RIll -0.19189360 0.16349870 1.773424$3 1.33 0.26S
"SRII -0.22476357 0.20272278 6.93692068 1.23 0.2821
"B1as -0.03336620 0.04148500 3.65041198 0.65 0.4317
Ha54 -0.34305132 0.21165119 1S.33939716 2.72 0.1166
"ISoS 0.66360380 0.30201038 27.24S44933 4.83 0.0413
MMES 0.30260390 0.37237085 3.72664218 0.66 0.4270
H.57 -0.04792608 0.02757478 17.04420501 3.02 0.0993
"M48 0.01695314 0.06756511 0.35528372 0.06 0.8047
"812o -0.50091414 0.S0019930 5.6S927013 1.00 0.3299
"1a11l -0.27029861 0.35356771 3.29808947 0.58 0.4545
".312 -0.26526707 0.28272982 4.96757093 0.68 0.3605
.S313 0.68108446 0.29868820 29.34190909 5.20 0.03S0

bounds on oondition nuIber: 327.9588, 13641.43

Stop 4 Variable HS9I$ Ruoved 3-square s 0.64126658 C(p) I 1S.06283973

D1 SIm of Squares Nean Square F ProbýP

legression 18 182.21144451 11.38821528 2.12 0.0595
Error 19 101.93161104 5.36482163
Total 35 284.14305S58

Parameter standard type It
Variable Estimate Error Siu of Squarea f Prob)'

INTI3qzP 88.41937116 50.58351441 16.39052395 3.06 0.0966
a1 7.95501230 18.03132926 1.04419476 0.19 0.8641
63 2.52833243 6.14791281 0.90733620 0.17 0.4855
35 -6.34118434 8.07291721 3.31005376 0.62 0.4419
B6 -6.38768133 5.44414404 7.3855451S 1.38 0.2552
"Oil?" 0.50508088 0.35$86400 10.74656047 2.00 0.1732
".Sol -0.17662511 0.14796360 7.64452328 1.42 0.2473
M512 -0.21472883 0.19377618 6.50772140 1.23 0.2816
M513 -0.03S57837 0.03052S09 4.34691886 0.81 0.3793
HS94 -0.36207640 0.10999842 17.58039824 3.28 0.0660
mats 0.88123709 0.2936541* 27.16396382 5.19 0.0344
OIM0 0.30734502 0.36260473 3.85421731 0.72 0.4072
HaT7 -0.04783039 0.02088559 16.97946044 3.16 0.0912
"M483 -0.50501745 0.41744523 6.75852M54 1.07 0.3132
HlI51 -0.24278365 0.2771922 2.94390671 0.55 0.4679
Melia -0.27020245 0.27500173 8.17930433 0.97 0.3382
molls 0.69061260 0.2l676690 80.7001070 5.12 0.0737

Bounds on oondition anuber: 303.0102, 12026.46

The Ml SystoI 16:46 Thursday, July 12, 1960
6

Step A Variable 33 lived I-square a 0.63807334 C(p) u 18.21477870

Dr sum of Squares Noan 24wre P Prob)

Relreossin i1 111.10410101 11.08694051 2.35 0.0378
hrror 20 102.16894724 1.14194731
fetal 35 214.14101116

Parameter Standard 1ype II
Variable Istimate Error $Iu of Square# F Prob)P

IMI3CIP 63.10665910 47.61196812 16.49014011 3.01 0.0190
N1 14.43409771 0.51181118 14.610#1$31 2.68 0.1013



a5 -8.67410126 5.62329230 12.23475520 2.38 0.1356
a6 -8.13937220 3.31939993 30.91649707 6.01 0.0235
MONTH 0.55596807 0.32769044 14.00048428 2.s8 0.1053

SHSU1 -0.19371444 0.13902755 9.98274320 1.94 0.1768
Mu12 -0.211?4669 0.18957552 6.41499538 1.25 0.T713
N813 -0.03619141 0.03856785 4.50441844 0.36 0.3805
MS34 -0.35714589 0.19541439 17.11535917 3.34 0.0892
Mi8i 0.66713336 0.18744$13 27.69746514 5.39 0.0310
H8Il 0.44446852 0.13950864 52.19242104 10.15 0.0046
NSl7 -0.04543156 0.02569427 16.07572106 3.13 0.0923
"HSo -0.42729301 0.43958S70 4.85176241 0.94 0.3430
"Hall -0.22009918 0.3162822? 2.49008840 0.43 0.4945
MSI12 -0.27165015 0.26920478 S.23570943 1.02 0.1250
M8113 0.67077305 0.28124447 29.94997526 5.32 0.0255

Sounds on condition number: 73.79636, 4153.805

Stop 6 Variable Wall Removed I-square 0.42930984 C(p) u 11.63160322

DI Sum of Squares Mean Square 1 Prob~t

Regreshion 14 176.81401991 12.77242999 2.55 0.0258
Irror 21 105.32903565 5.01566536
total 35 284.14305556

Parameter Standard Type II
Variable Istimate Error Sum of Squares F Prober

INTEICIP 61.60354306 36.12504389 14.58557075 2.91 0.1029
31 15.28344498 8.39377517 16.63298979 3.32 0.0829
35 -9.09670657 5.52133161 13.61474535 2.71 0.1143
b6 -6.26962295 3.27317076 32.01569295 6.38 0.0196
MONTH 0.51767335 0.31905451 13.20415620 2.63 0.1196
"SRIl -0.18300665 0.13646621 9.02011964 1.80 0.1942
HSi2 -0.22399286 0.18642477 7.24085741 1.44 0.2429
MS33 -0.03479546 0.03813866 4.17487300 0.83 0.3719
Mil4 -0.37429139 0.19145917 19.16673282 3.82 0.0640
HSAS 0.68659649 0.28254750 29.61754342 5.01 0.0242
M326 0.44581014 0.13777176 52.51801160 10.47 0.0040
M5?7 -0.04195349 0.02489208 14.24763240 2.84 0.1067
MS39 -0.49174249 0.42471247 $.72370192 1.34 0.2599
M5312 -0.22798672 0.25855813 3.69970265 0.78 0.3879

aIR13 0.64999216 0.27475374 26.07099707 5.60 0.0277
The WAS System 16:49 Thursday, July 12, 1990
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bounds on condition number: 72.93569, 3792.734

Stop 7 Variable N5312 Removed B-oqumre a 0.61558540 C(p) * 10.284395177

Dr Sum of S4uares Mean Square F Vrob)f

Regression 13 174.91431726 13.45494146 2.71 0.0190
Irror 22 109.22173130 4.90494265
total 35 284.14305550

Parameter Standard Iype II
Variable Estimate Irrnr Sum of Squares F Prob)f

INTIICIP 44.53041165 80.34312179 10.69310863 2.15 0.1564
31 13.70247039 6.15791042 14.00706177 2.62 0.1072
I 3s -7.75631842 6.2i105295 10.70990170 2.16 0.1161
96 -7.66683606 .16198011 28.49847092 5.74 0.0215
MONTH 0.36072074 0.27726484 9.35899385 1.19 0.1036
MI22 .0.14892417 0.13021449 6.49425706 1.81 0.2460
M8I1 -0.17676650 0.17766019 4,91111760 0.99 0.3S06
M813 -0.0223519 0.03526156 1.99990700 0.40 0.5322
M214 -0.30010176 0.11111814 16.27224365 8.08 0.0034
HIon 0.69479303 0.26133441 25.71892327 5.16 0.0329
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HIsM 0.38174573 0.11446343 53.34373537 10.74 0.0034
3437 -0.03524605 0.02358114 11.00160506 2.23 0.1402
3519 -0.50204205 0.40710643 10.50211631 2.12 0.1600

HI8113 0.57485705 0.25985230 34.21296774 4.01 0.03??

Bounds on condition number: 67.40747. 3164.121

Step 8 Variable 11n2 Reoved t-squa. a 0.604154702 (p) 0.019171131

of sun of Swiaros mean Square I Pwobpr

Rogr~eslon 12 172.91441020 14.40993410 2.91 0.0118
Error 23 111.22864530 4.83602006
Total 35 284.14305556

Parameter standard Type It
Variable tstimat. Error Sum of Squares I hob) F

INTIICRY 41.25976635 29.51155654 9.45274860 1.05 0.1754
31 11.87669622 7.53417660 12.01733827 2.48 0.1286
as -6.69110971 4.94180016 0.86573512 1.63 0.1689
36 -6.3461750 2.95785757 2.50148999 5.50 0.0281
MONTH 0.42251106 0.26583346 12.21646011 2.53 0.1206
Ha51 -0.14734360 0.12846934 6.35141430 1.32 0.2633
3412 -0.14095034 0.16626244 3.47606747 0.72 0.4053
MSR4 -0.25650034 0.15466433 13.30100249 2.15 0.1105
"Ua5s 0.40073952 0.20085069 26.85962137 5.07 0.0226
mi56 0.33760366 0.09219426 64,84782517 10.41 0.0013
3487 -0.03721735 0.02307021 12.56566093 2.00 0.1203
Ha4R0 -0.55937300 0.30855206 0.52626134 1.07 0.1738
"8113 0.58914120 0.25552256 25.70804711 1.32 0.0305

The $AS Syet*@ 16:49 Thursday, July 12, 1090

Sounds'on condition number: 60.5963, 2460,224

Step 0 Variable 34tZ Rmoved I-square a 0.,0631351 C(p) a 7.20104108

DI Sum of Squares mean square 1 Prob)V

Regression 11 169.4383427S 15.40348171 3.22 0.0080
Error 24 114.70471277 4.77936303
Total 35 284.143006$J

Parameter standard Type It
Variable Estimate Error Sum of Squares IF ProbVF

I17UICIF 27.14418084 24.76464634 6.04218214 1.26 002720
31 t.54265177 61071197366 .15367879 1.67 0,1686
o5 -4.51727330 4.19971018 5.59297387 1.16 0.2928
of -6.43245264 2.81001862 23.02155J51 4.03 0,0326
MOWTN 0.34022471 0.24867212 0.26471261 1.04 0.1786
NIt3 -0.099:3110 0.11460130 8.10339080 0.75 0.3011
1154 -0.21140491 0.11230444 11.71357243 2.45 0,1106
"3SR3 0.50567811 0,11990120 30.60121070 6,46 0.0170
"Sao6 0.29294056 0.07521620 72,49470611 11.17 0.0007
34117 -0.03617614 0.02290210 11.92618933 2.60 0.1273
M529 -0.71137060 0.35141004 10.80000104 4.14 0.0530
Hl4tl 0.01418727 0.252342s8 26,30811614 8.04 0.0226

kounds on oendition numbert 10.0124, 1143.331
......... ..... 00.t...................... 0.... 00....... 0.............

1t0plO Variable 34531 Removed 3-squaro @ 0.58370230 C(p) w, 10001917

Dr Sum of squares Mean Square F Preb)f

Ultesrlon 10 181.01491370 10.60144157 3511 0.0053
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Irror 25 116.2681013S 4.73152407
Total 35 284.14305556

Paaraoetr Standard Type II
Variable Estmlate Error Sun of Squares F prober

INTERCEP 27.62026798 24.63915065 5.94980791 1.26 0.2728
31 5.30866356 5.01174019 8.e.i45534 1.15 0.2943
as -3.09144791 3.84408625 3.06012154 0.65 0.4286
36 -4.44939514 1.73899441 30.97466610 6.55 0.0169
MONTH 0.35816887 0.24704349 9.94557491 2.10 0.1595
MS14 -0.25O19506 0.15028703 13.b4277060 2.85 0.1010
NSIS 0.38449609 0.14063083 35.36908653 7.48 0.0113
"SIao 0.30103873 0.07425803 77.7604804S 16.43 0.0004
MS17 -0.03974355 0.02241570 14.87406642 3.14 0.0884
MSP9 -0.64511594 0.34024977 17.00908369 3.59 0.0696
NSK13 0.60382370 0.25069207 27.44966181 5.80 0.0237

bounds on condition number: 37.47714. 1037.035
------- ------------------------------------------------------------

The $AS System 16:49 Thursday, July 12, 1990
9

3tep1l Variable 15 Removed I-square a 0.57293264 C(p) , 4.31314265

Df Sun of Squares Mean Square V Prob)f

Regression 9 162.79483216 18.08831468 3.88 0.0032
Error 26 121.34822339 4.66723936
Total 35 264.14305556

Parameter Standard Type II
Variable BEtimate Irror Sum of Squares V ProbVf

INTERCIP 13.43994724 17.08111410 2.83950077 0.62 0.4385
a1 1.74833160 2.16770123 2.96079196 0.64 0.4314
36 -4.31364865 1.71898517 29.39039015 6.30 0.0187
MONTH 0.29532969 0.23276323 7.51355650 1.61 0.2158
MS54 -0.17731344 0.11414144 11.26306751 2.41 0.1324
MSR5 0.35076956 0.13331718 31.30960731 6.92 0.0141
MNR8 0.27147445 0.06408008 83.76679823 17.95 0.0003
fS37 -0,03567530 0.021668S7 12.62796492 2.71 0.1120
MS39 -0.64739549 0.33791874 17.13069031 3.67 0.0664
"MI313 0.74825648 0.173713909 6.69449319 18.55 0.0002

sounds On condition number: 7.597408, 311.4218

Stepl2 Variable 21 Removed I-square a 0.66244218 C(p) x 2.81211371

DV Sum of Squares Mean Square V Prob)f

Regression 8 159.11404020 19.97675502 4.34 0.0015
Error 27 124.32901531 4.60477835
Total 35 284.14305$36

Parameter Standard Type 11
Variable Estim•te Error Sum of Squares V ProbV

INTERCIP 19.99216066 14.86416944 6.30766520 1.80 0.1904
36 -3.16284267 0.93243888 S2.97909420 11.51 0.0022
MONTH 0.26514642 0.22813454 6.22000277 1.35 0.2553
"ffR4 -0.15660088 0.11043677 9.268058278 2.01 0.1674
"HIRS 0.30963369 0.12215372 29.58637590 6.43 0.0174
Nf16 0.26105654 0.06350792 82.01623569 17.82 0,0002
MIR7 -0.02579761 0.01770235 9.77925908 2.12 0.1566
min9 -0.53349311 0.30547750 14.15005637 3.07 0,0310
MOR13 0.67313998 0.14310797 99,09163407 21.52 0.0001

bounds on condition number: 4.641112, 163.1957
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Stopis Variable 82 Entered 3-square a 0.S?293264 C(p) a 4.31314265
NOTE: the variable vhich previously had emall tolerance is nov allowed to enter

after removal of some variables from the model.

DP Sum of Squares mean square IP ?rob~

Regression 9 162.79483216 18.08831468 3.38 0.0032
Error 26 121.34822339 4.66723936 -4

The WAS System 16:49 Thursday, July 12, 1990
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Total 35 284.14305556

Parameter Standard Type II
Variable Estimate Error sum of Squares F ProbWV

INTIECIP 13.43994724 17.08111410 2.88950077 0.62 0.4385
32 1.74833160 2.18770123 2.98079196 0.64 0.4314
35 -4.31364865 1.71898517 29.39039015 6.30 0.0187
MONTH 0.29532969 0.23276323 7.51355650 1.61 0.2158
MSR4 -0.17731344 0.11414144 11.26306751 2.41 0.1324
NSA5 0.350769S8 0.13331718 32.30960731 6.92 0.0141
hSR6 0.27147445 0.06408008 83.76679823 17.95 0.0003
MSR7 -0.03567530 0.02165857 12.12796492 2.71 0.1120
MSR9 -0.64739549 0.33791874 17.13069031 3.67 0.0664
t'SR13 0.74825548 0.17371399 86.59449319 18.5S 0.0002

Bounds on condition number: 7.597408, 311.4218

Step14 Variable 12 Removed 3-square a 0.56244218 C(p) * 2.81211371

Dy Sum of Squares Mean Square 7 Prob)F

Begrersion 8 159.81404020 19.97675502 4.34 0.0018
I rrr 27 124.32901536 4.60477835
Total 35 284.14305556

Parameter Standard Type II
Variable Estimate Error Sum of Squares 7 ProbFP

INTERCEP 19.99216066 14.88416944 8.30766520 1.80 0.1904
38 -3.16284967 0.93245888 52.97909420 11.51 0.0022
MONTH 0.26514642 0.22813654 6.22000277 1.35 0.2553
5154 -0.18668088 0.11043677 9.26858278 2.01 0.1674

"ga5s 0.30963369 0.12215372 29.58637590 6.43 0.0174
"S1RO 0.26805654 0.06350792 82.03623569 17.82 0.0002
M517 -0.02579761 0.01770235 9.77925908 2.12 0.1566
1S19 -0.53549318 0.30547750 14.15005637 3.07 0.0910
S1113 0.67313998 0.14510797 99.09163407 21.52 0.0001

Sounds on •rndit.vn number. 4.641112, 163.1957

Stepls Variable MONTH Removed I-square a 0.540SS179 C(p) - 1.85331399

D? Sum of Squares Mean Square F Probof

Regression 7 153.59403743 21.94200535 4.71 0.0014
Error 28 130.54901813 4.66246493
Total 35 284.14305556

Parameter Standard Type I1
Variable Estimste Error Sam of Squares F Probf

INTENCIP 20.05864711 14.97699973 8.36313698 1.79 0.1912
36 -3.10640366 0.93701177 51.24643215 10.99 0.0025
1S14 -0.18083166 0.10914148 12.79925873 2.75 0.1087
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HSRS 0.32032619 0.12172882 34.12474482 7.32 0.011U
""s Mag 0.260580 0.0635737S 78.31857335 16.80 0.0003

HIi -0.01992739 0.01707242 6.35216722 1.36 0.2530
MS32 -0.52230903 0.3071?297 13.48045624 2.81 0.1001
M5S13 0.68139111 0.14583920 101.77141612 21.63 0.0001

bound* on oondition number: 4.551657, 131.7593

Stepte Variable NIS? Removed 3-square a 0.51819627 C(p) a 0.01663719

D1 Sum of Squaves Mean Square I Prob) I

Regression 6 147.24187020 24.54031170 5.20 0.0010
Irror 29 136.10118535 4.72073053
Total 35 284.14305556

Parameter standard Type II
Variable EStimate Irror Sun of Squares I Probe?

INTERCEP 27.10227711 13.79286255 18.22686415 3.61 0.0591
56 -2.78S35210 0.90128999 45.08586582 9.55 0o.044
HSR4 -0.16654067 0.10912811 10.99452813 2.33 0.1378
"MSAS 0.29114221 0.11798214 28.74663643 6.09 0.0197
MSR6 0.2519645S 0.06353946 74.23369133 15.73 0.0004
MSR9 -0.59496438 0.30267363 18.24071957 3.86 0.0590
MSR13 0.60104293 0.12937193 101.89199550 21.58 0.0001

Bounds on condition number: 4.223191, 94.62532

Stepl? Variable MSR4 Removed R-square a 0.47950263 C(p) a 0.75707217

Dr Sum of Squares Mean Square f Prober

Regression S 136.24734207 27.24946841 5.53 0.0010
Error 30 147.89571349 4.92985712
Total 35 284.14305556

Parameter Standard Type 11
Variable Estimate Error Sun of Squares f Prob)F

INTIRCIP 39.66342622 11.31027743 60.62730541 12.30 0.0015
56 -2.38509588 0.88117786 36.11759663 7.33 0.0111
mSIN 0.14211422 0.06766046 21.74901191 4.41 0.0442
HSR8 0.24234650 0.06461140 69.35688215 14.07 0.0008
M519 -0.51490772 0.30462419 14.08524344 2.86 0.1013
MSRI3 0.468011S4 0.09768928 113.14976015 22.95 0.0001

Sounds on condition number: 1.890053, 38.74717
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Stopli Variable HE51 Removed 3-square * 0.42903167 C(p) s 1.11487809

DP Sun of Squares Mean Square F Prob)f

Regression 4 122.16209863 30.54052466 5.84 0.0013
Error 31 161.98015693 5.22S19216
Total 35 284.14305556

Parameter standard Type It
Variable Estimate Error SUN of Squares r Prob1f

INUERCEP 40.66366603 11.62818686 63.89859697 12.23 0.0014
B6 -2.11881393 0.89257328 29.44422577 5.64 0.0240
"ga5s 0.14250730 0.06963725 21.860974994 4.19 0.0493
MISS 0.22412669 0.06558641 61.01853184 1!.68 0.0018
M2313 0.45850602 0.10032844 108.18004799 20.70 0.0001
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Bounds on condition number: 1.829645, 26.34921

All variables left in the model are significant at the 0.1000 level.

Smmary of backward 311ainstion Procedure for Dependent Variable HSO10

Variable Number Partial Nodel 4
Step Entered Samoved In 3832 38*2 C(p) V ProbW

1 54 17 0.0001 0.6425 17.0034 0.0034 0.9541
2 27 18 0.0001 0.8426 19.0000 0.0034 0.9541
3 87 17 0.0001 0.0425 17.0034 0.0034 0.9541
4 "S58 16 0.0013 0.6413 15.0620 0.0630 0.8047
5 03 is 0.0032 0.6381 13.2148 0.1691 0.6855
6 1S5ll 14 0.0088 0.6293 11.6316 0.4843 0.4945
7 1SRI2 13 0.0137 0.6156 10.2844 0.7775 0.3879
8 SR3 12 0.0070 0.6085 8.6192 0.4028 0.5322
9 SR2 11 0.0122 0.5963 7.2010 0.7188 0.4053

10 1S5I 10 0.0126 0.5837 5.8009 0.7498 0.395g
11 35 9 0.0108 0.5729 4.3131 0.6468 0.4289
12 a1 8 0.0105 0.5624 2.8121 0.6387 0.4314
13 32 9 0.0105 0.5729 4.3131 0.6387 0.4314
14 82 8 0.0105 0.5624 2.8121 0.6387 0.4314
15 MONTH 7 0.0219 0.5406 1.8533 1.3S08 0.2553
16 HSR7 6 0.0224 0.5182 0.9166 1.3624 0.2530
17 MS54 5 0.0387 0.4795 0.7571 2.3290 0.1378
18 11R9 4 0.0496 0.4299 1.1149 2.8571 0.1013
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backward Elimination Procedure for Dependent Variable H8lII

Step 0 All Variables Entered 3-square x 0.66502524 C(p) * 19.00000000
NOTE: The model Is not of full rank. A subset of the model which is of full

rank In chosen.

DF Sum of Siuares mean Square F Prob)f

Regression 18 71.59809488 3.97767194 1.88 0.1008
Error 17 36.06412734 2.12141926
Tozal 35 107.66222222

Parameter Standard Type II
Variable letimU. Error Sum of Squares F Prober

INTIRCSP 76.44083349 30.88464715 12.99547165 6.13 0.0241
31 -38.61004497 21.37314768 6.92293331 3.26 0.0886
83 8.57585964 5.18202497 5.81008965 2.74 0.1163
84 9.72305259 5.11762297 7.65764452 3.61 0.0745
35 7.91783995 6.15567549 3.50984963 1.65 0.2156
56 5.59771638 4.75277654 2.94275087 1.39 0.2551
MONTH 0.05508502 0.24100532 0.11082563 0.05 0.8219
1S11 0.03378199 0.12281251 0.16051358 0.08 0.7866
MS12 0.04347560 0.13218910 0.22947024 0.11 0.7463
H133 -0.03539286 0.02598527 0.09137140 0.04 0.8381
1S14 0.05314886 0.13862605 0.31183492 0.15 0.7062
N185 0.35311480 0.28455491 3.26882736 1.54 0.231S
1836 -0.06256385 0.23373751 0.15199054 0.07 0.7922
1S17 -0.02090987 0.01762835 2.98473494 1.41 0.2519
MIP8 0.05355659 0.03950263 3.89942289 1.84 0.1929
HSR9 0.16839103 0.34871022 0.49469223 0.23 0.6353
"$RI0 -0.09950338 0.14250182 1.03433545 0.49 0.4945
51512 -0.08796180 0.17983017 0.50756265 0.24 0.6310
1153 0.19172100 0.20478102 1.85945836 0.83 0.3623

Bounds on cor.ition number; 1076.665, 34810.65

Step 1 Varable 1S53 Removed 3-square * 0.66417655 C(p) a 17.04307088
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SDI Sun of Squares Mean Square F Prob)f

Regression 17 71.50672348 4.20627785 2.09 0.0147
Error 16 36.15549874 2.008S3882
Total 35 107.66222222

SParameter Standard Type 11
Variable Estimate Error 8,a of Square* V Prob)V

INTERCEP 74.90838933 29.18092625 13.23623371 6.59 0.0194
al -36.70094404 20.79289445 6.93849103 3.46 0.0791
I3 8.50343653 5.03095212 5.73839491 2.86 0.1082
34 9.63104828 4.96101260 7.57021669 3.77 0.0680
a5 8.14883157 5.89108804 3.84327542 1.91 0.1835
Be 5.71061149 4.S9432422 3.10330028 1.54 0.2298
MONTH 0.05348428 0.23439146 0.10458527 O.05 0.8221
MSRI 0.03439774 0.119468S3 0.16651546 0.08 0.7767
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MSE2 0.05228387 0.12131713 0.37001607 0.18 0.6729
NSM4 0.06868354 0.11359604 0.73388487 0.37 0.5531
NSRS 0.32086687 0.23196085 3.84345883 1.91 0.1835
HS96 -0.07888339 0.21418224 0.27246209 0.14 0.7169
HSR7 -0.02067917 0.01711923 2.93089054 1.46 0.2427
HSR8 0.05533147 0.03752663 4.36683827 2.17 0.1576
HSR9 -0.16310229 0.33840716 0.46659802 0.23 0.6356
MSRIO -0.09414756 0.13636942 0.95738364 0.48 0.4988
f4q12 -0.07419925 0.16265260 0.41800248 0.21 0.6537

NS913 0.18529994 0.19697590 1.77756800 0.88 0.3593

Bounds on condition nuber: 1076.213, 32019.69

Step 2 - Variable MONTH Removed t-square a 0.66320513 C(p) * 15.09237056

DB Sam of Squares Mean Square F Prob)r

Regression 16 71.40213821 4.46263364 2.34 0.0397
Error 19 36.26008401 1.90842547
Total 35 107.66222222

Parameter Standard Type II
Variable Estimate Error Sue of Squares F ProbWF

INTIRCIP 71.75267294 25.04689050 15.66196179 8.21 0.0099
91 -40.80645862 18.16258143 9.63336183 5.05 0.0367
33 8.97026898 4.48005405 7.65099101 4.01 0.0597
34 9.91430655 4.68184205 8.55788361 4.48 0.0476
as 8.90740890 4.74057821 6.73775727 3.53 0.0757
b6 6.19894480 3.96273109 4.87005009 2.45 0.1342
Hal1 0.04558538 0.10619093 0.35169089 0.18 0.6725
HSR2 0.06318118 0.10923431 0.63845827 0.33 0.5698
HSR4 0.07602689 0.10616197 0.97MO0134 0.51 0.4826
NSS5 0.32576048 0.22513200 3.99574275 2.09 0.1642
HSR6 -0.10152004 0.18502688 0.57452526 0.30 0.5896
MSE7 -0.01904986 0.01516595 3.01106380 1.58 0.2243
"HSR$ 0.05493573 0.03653945 4.31381043 2.26 0.1492
"9SI9 -0.188495S6 0.31151170 0.69876110 0.37 0.5523
HSR10 -0.08490406 0.12692399 0.85397412 0.45 0.5116
"6S212 -0.05374111 0.13228267 0.31497970 0.17 0.6891
"3S113 0.18185229 0.19143369 1.72216993 0.90 0.3541

bounds on condition number: 864,271, 24318.99

Step 3 Variable M6112 Removed I-square a 0.66027950 C(p) @ 13.24084649

DI Sum of Squares Mean Square F Prob)f
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1earoshion 15 71.08715651 4.73914390 2.59 0.0242
Error 20 36.57506371 1.82875319
Total 35 107.66222222

Parameter Standard type 11
Variable Estimate Irror Sum of Squares 1 Prob)F
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INT33CEP 67.86135908 22.65462451 16.40116437 86.7 0.0071
a1 -41.39452851 17.72286178 9.97636672 5.46 0.0300
33 8.97927097 4.38549738 7.66654235 4.11 0.0540
84 10.36545614 4.45226410 9.91211163 5.42 0.0305
as 8.81623776 4.63S36656 6.61536050 3.62 0.0717
36 6.24783844 3.87734248 4.74838965 2.60 0.1228
"SRI 0.05382117 0.10203915 0.50877740 0.28 0.6037
NS12 0.06429391 0.10689625 0.66156086 0.36 0.5543
M1R4 0.08465514 0.10182240 1.26407936 0.69 0.4156

SR5 0.33449189 0.21937601 4.25155728 2.32 0.1430
NSR6 -0.08733674 0.17787006 0.44090326 0.24 0.6288
MSR7 -0.01822096 0.01471103 2.80550493 1.53 0.2298
MSR8 0.0S597072 0.03568155 4.49978160 2.46 0.1324

3SR9 -0.21546068 0.29793752 0.9g640256 0.52 0.4779
HSRIO -0.08654812 0.12418319 0.86826954 0.49 0.4039
MSR13 0.15731732 0.177$2566 1.43126250 0.78 0.3868

Bounds on condition number: 858.7814, 22475.81

Stop 4 Variable MSR3 Removed 3-square w 0.65618426 C(p) a 11.44868058

D? Sum of Squares Mean Square F Prob)V

Regression 14 70.64625525 5.04616109 2.86 0.0145
Error 21 37.0159669? 1.76266509
Total- 35 107.66222222

Parameter Standard Type II
Variable Estimate Error Sum of Squares F Prob)V

IKT71CBP 63.83809840 20.73578028 16.70661814 9.48 0.0057
31 -39.73372217 17.07985962 9.53937039 5.41 0.0301
83 7.8910218! 3.71523281 7.95177758 4.51 0.0457
34 10.95966480 4.20652980 11.96510205 6.79 0.0165
35 7.83759106 4.10867304 6.41404258 3.64 0.0702
D6 5.54000775 3.$3376129 4.33227614 2.46 0.1319
"SRI 0.04966500 0.09983315 0.43623571 0.25 0.6240
MSR2 0.06900519 0.10452332 0.76825780 0.44 0.5163
MSR4 0.08578959 0.09993997 1.2988S456 0.74 0.4004
"1e5S 0.35590933 0.21107535 5.01156668 2.84 0.1066
13?7 -0.01646173 0.01400786 2.43430903 1.38 0.2531

SR38 0.0586666S 0.03500324 4.61964433 2.62 0.1204
1S19 -0.18128913 0.28441276 0.71616844 0.41 0.5307

1SR110 -0.08729595 0.12190949 0.90382204 0.51 0.4818
SR13 0.15911889 0.17454577 1.46485504 0.83 0.3723

Sounds on oondition number: 827.5015, 18858.77

Step 5 Variable 1S8I Removed I-square s 0.65213236 C(p) a 9.65431448

D? Sum of Squares Mean Square F Prob)P

Regression 13 70.21001954 5.40077073 3.17 0.0063
Error 22 37.45220268 1.70237265
Total 35 107.66222222
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variable estimate Error Sum of square* I Prob)P

IKYBIRCEP 6a.55569046 18.12221783 24,3623405S 14.31 0,0010
91 -33.70306453 11.8262S216 13.82683107 8.12 0.0093
33 6.92570295 3.11369108 8.42253158 4.95 0.0367
54 1.81927144 3.466.0211 13.86172225 8.03 0.0097
35 6.30923366 2.o8108300 9.42729498 S.54 0.0250
36 4.06467062 1.8884542? ?.88664707 4.63 0.0426
MER2 0.04345878 0.08946864 0.40166862 0.24 0.6320
S134 0,09250343 0.0973162S 1.53815341 0.90 0.3522

MSRS 0.34727534 0.20673161 4.80384275 2.82 0.1071
MER7 -0.01492940 0.01342930 2.10393805 1.24 0.2783
14R8 0.06297807 0.03206039 6.56894626 3.86 0.0822
tiER3 -0.15517269 0.27470352 0.84319633 0.32 0.5779
14310 -0.09545197 0.11871511 1.10081052 0.65 0.4299
MSA13 0.15516977 0.17135712 1.39593310 0.82 0.3750

bounds on condition nmber: 410.7803, 9286.737

Step 6 Variable M4R2 Removed R-square - 0.64840154 C(p) a 7.84365415

D? Sum of Squares Mean Square P ProbWY

ReSression 12 69.80835072 5.81736256 3.53 0.0045
Error 23 37.85387150 1.64582050
Total 35 107.66222222

Parameter Standard Type II
Variable Estimate Error Sun of Squares P ProbW

INTIRCtP 72.33857021 16.08942497 33.26911611 20.21 0.0002
91 -34.75107744 11.43335718 15.2044765 9.24 0.0058
D3 7.30669566 2.96285629 10.00929134 6.08 0.0215
34 10.00204419 3.38800202 14.34407952 8.72 0.0071
a5 6.18690577 2.62452010 9.14596772 5.56 0.0273
36 4.37899967 1.74440518 10.37140418 6.30 0.0195
1ESR4 0.08384985 0.09406918 1.30765231 0.79 0.3820
1S45 0.33888927 0.20255878 4.60676400 2.80 0.1079
MS17 -0.01551888 0.01315033 2.29207946 1.39 0.2500
MS38 0.06585372 0.03098128 7.43608491 4.52 0.0445
1sR9 -0.11643770 0.25847123 0.33399910 0.20 0.6566
"1Salo -0.09876304 0.11653531 1.18210565 0.72 0.4055
MSR13 0.15250891 0.16840075 1.34984791 0.82 0.3745

bounds on ccndition number: 397.1322, 6224.202

Step 7 Variable 14R9 Removed R-square 9 0.64529925 C(p) a 6.00109549

or Sun of Squares Hea Square F Frob) F

Regression 11 69.47435162 6.31585015 3,97 0.0023
Error 24 38.18787060 1.59116127
Total 35 107.66222222
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Parameter Standard Type II
Variable Estimate Error Sum of Squarse I Prob)r

INTIRCEP 73.94835334 15.42488055 36.57022203 22.98 0.0001
81 -32.41572581 10.01989079 16.65327753 10.47 0.0035
33 8.57187953 2.43200475 11.61888754 7.30 0.0124
34 9.28920218 2.94560066 15.82425574 9.95 0.0043
35 5.78531968 2.42714926 9.04015663 5.68 0.0254
36 4.27067804 1.69882073 10.05571053 6.32 0.0191
14R4 0.09632110 0.08839783 1.88918236 1.19 0.2867
11ER5 0.28481100 0.16042251 5.01530222 3.15 0.0685
13SR7 -0.01413049 0.01257000 2.01074946 1.26 0.2721

187



"SaR8 0.05398707 0.03018879 7.14837268 4.49 0.0446
NSRI0 -0.07789476 0.10514190 0.87333118 0.55 0.4660
NSR13 0.12441332 0.15380868 1.04111230 0.65 0.4265

bounds on condition number: 315.4872. $959.37

Step a Variable N5110 Removed 1-equare s 0.63718748 C(p) a 4.41276857
# -4

DP SuN of Squares Hean square F Prob)f

Regression 10 68.60102044 6.86010204 4.39 0.0013
Error 25 39.06120178 1.36244807
Total 35 t07.66222222

Parameter Standard Type II
Variable Estimate Error Sun of Squares F Prob)V

INTIRCEP 70.36389224 14.51367849 36.72402761 23.S0 0.0001
al -32.74098976 9.91953649 17.02183757 10.89 0.0029
83 6.45712294 2.40506847 11.26234460 7.21 0.0127
84 9.62325635 2.88450082 17.39033190 11.13 0.0027
85 S.78155365 2.40493999 8.96760195 5.74 0.0244
B6 4.39212904 1.67556663 10.73574955 6.87 0.0147
MS84 0.11139070 0.08524801 2.66781268 1.71 0.2032
PERS 0.27275459 0.15814842 4.64750672 2.97 0.0969
MSR7 -0.01185924 0.01207993 1.50588223 0.96 0.3356
PER8 0.06594059 0.02980083 7.64987626 4.90 0.0363
MSR13 0.07968994 0.14018254 0.50492251 0.32 0.5748

bounds on condition number: 314.8815, 5344.808

Step 9 Variable MSR13 Removed I-square a 0.63249761 C(p) a 2.65078022

Dr Suam of Squares Mean Square F Prob)r

Regression 9 68.09609793 7.56623310 4.97 0.0006
Error 26 39.56612429 1.52177401
Total 35 107.66222222

Parameter Standard Type II
Variable Estimate Brror Sum of Squares F Prob)f

INTERCIP 78.15403007 4.71830521 417.52343525 274.37 0.0001
The SAS System 16:49 Thursday, July 12. 1990
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31 -31.73326997 9.631983V7 16.51765242 10.85 0.0028
53 6.41181950 2.37225396 11.11707099 7.31 0.0120
84 9.55790373 2,84444641 17.18224686 11.29 0.0024
Is 4.87633683 1.80672125 11.06099694 7.27 0.0121
Be 4.57206655 1.62383975 12.06393298 7.93 0.0092
MSR4 0,10526379 0.08345400 2.42110628 1.59 0.2184
MERS 0.25643914 0.15348471 4.24003970 2.79 0.1068
PSR7 -0.00959148 0.01125284 1.10559964 0.73 0.4018
We58 0.06840886 0.02909655 8.41185845 5.53 0.0266

bounds on condition number: 304.8255, 4433.946

SteplO Variable ME87 Reaoved 3-squire a 0.62222846 C(p) a 1.17194059

D? Sam of Squares Mean Square F ProbeP

Regresaion 8 66.99049829 8.37381229 S.S6 0.0003
Error 27 40.67172393 1.50636015
Total 35 107.66222222

Parameter Standard Type II
Variable Estimate Error Sum of Squares P VrobVr
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INTIRCEP 77.40017080 4.61113943 424.42029725 281.75 0.0001
a 31 -32.85197356 9.49369589 18.03769813 11.97 0.0018
33 6.29740270 2.35642762 10.75819T23 7.14 0.0126
34 9.58798084 2.82978645 17.29321764 11.48 0.0022
35 5.51903223 1.63571171 17.14909292 11.38 0.0023
36 4.90818900 1.56723201 14.77422762 9.81 0.0041
MS14 0.12841653 0.07850904 4.03024326 2.68 0.1135
"BSR5 0.23163626 0.14993588 3.50526383 2.39 0.1340
NSR8 0.06602842 0.02888997 8.06040408 5.35 0.0286

bounds on condition number: 299.1657. 3821.113

Step1l Variable NSIS Rseaved &-square a 0.$8883453 C(p) a 0.86668520

DF $us of Squares mean Squar F Prob)?

Regression 7 63.39523446 9.05646207 5.73 0.0003
Irror 28 44.26698777 1.58096385
Total 35 107.66222222

Parameter Standard Type II
Variable Estinmat Error Sum of Squares r Prob)7

INTXRCEP 82.46570911 3.32147443 974.S5624591 616.43 0.0001
II -20.62941545 5.37602041 23.27951706 14.72 0.0006
33 3.10469805 1.15990332 11.32705712 7.16 0.0123
54 5.72266340 1.35437704 28.22533956 17.85 0.0002
35 4.26099802 1.46084463 13.57700373 8.59 0.0067
36 3.12148167 1.08355232 13.12029942 8.30 0.0075
MSR4 0.17128429 0.07523865 8.19360575 5.18 0.0307
NSR8 0.06498367 0.02957144 7.63458626 4.83 0.0364
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bounds on oondition number: 91.40499, 1036.919

All variables left in the model are significant at the 0.1000 level.

Summary of backward Elimination Procedure for Dependent Variable NSRI1

Variable Number Partial Model
Step lemoved In g622 1882 C(p) F Prob>f

1 M&R3 17 0.0008 0.6642 17.0431 0.0431 0.8381
2 MONTH 16 0.0010 0.6632 15.0924 0.0521 0.8221
3 M8212 15 0.0029 0.6603 13.2408 0.1650 0.6891
4 "Sao 14 0.0041 0.6562 11.4487 0.2411 0.6288
S NRI 13 0.0041 0.6521 9.6343 0.2475 0.6240
6 M512 12 0.0037 0.6484 7.8437 0.2359 0.6320
7 MSR9 11 0.0031 0.6453 6.0011 0.2029 0.6566
8 M"RIO 10 0.0081 0.6372 4.4128 0.5489 0.4660
9 NSe13 9 0.0047 0.6325 2.6508 0.3232 0.5748

to10 N7 8 0.0103 0.6222 1.1719 0.7265 0.4018
11 MSRS 7 0.0334 0.5888 0.8667 2.3867 0.1340
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03S 31 32 53 34 35 36 37 MONTRE M511 ff12 W853 M314

1 0 0 1 0 0 0 0 1 21.90 84.88 48.10 16.32
2 0 0 1 0 0 0 0 2 26.68 85.07 89.31 12.26
3 0 0 1 0 0 0 0 3 26.08 83.60 70.71 16.64
4 0 0 1 0 0 0 0 4 26.18 85.09 $2.52 18.40
5 0 0 1 0 0 0 0 5 26.64 64.23 5S.28 18.71
6 0 0 1 0 0 0 0 6 24.02 83.59 35.65 16.25
7 0 0 0 1 0 0 0 1 21.10 80.93 15.40 9.30
8 0 0 0 1 0 0 0 2 19.30 83.36 17.60 9.50
9 0 0 0 1 0 0 0 3 20.80 81.61 23.70 11.14

10 0 0 0 1 0 0 0 4 22.30 80.20 14.80 13.30
11 0 0 0 1 0 0 0 S 25.10 75.63 23.90 13.10
12 0 0 0 1 0 0 0 6 19.30 80.76 20.10 10.10
13 0 0 0 0 1 0 0 1 10.20 77.51 51.70 14.60
14 0 0 0 0 1 0 0 2 21.70 71.94 91.60 14.80
1s 0 0 0 0 1 0 0 3 10.40 72.15 72.80 7.80
16 0 0 0 0 1 0 0 4 17.10 71.76 96.90 6.50
17 0 0 0 0 1 0 0 5 20.50 72.91 76.00 6.90
18 0 0 0 0 1 0 0 6 19.30 75.32 $3.00 6.90
19 0 0 0 0 0 1 0 1 14.30 78.39 85.00 18.30
20 0 0 0 0 0 1 0 2 14.80 80.57 72.00 14.20
21 0 0 0 0 0 1 0 3 13.50 79.99 57.90 15.20
22 0 0 0 0 0 1 0 4 13.20 80.59 25.20 17.80
23 0 0 0 0 0 1 0 5 13.00 80.72 25.50 23.80
24 0 0 0 0 0 1 0 6 17.90 80.59 27.90 21.90
25 0 0 0 0 0 0 1 1 51.80 67.48 86.00 24.00
26 0 0 0 0 0 0 1 2 45.60 72.31 115.00 31.00

OBS MSRS SRG6 MSR7 "SA8 MSR9 MSR10 fSRll MSR12 NSR13

1 9.95 48.3 52 97.40 2.00 98.5 95.7 96.6 98.89
2 9.50 49.6 100 100.00 0.70 98.1 95.6 93.9 98.80
3 9.97 48.8 87 99.10 3.30 98.6 94.3 96.5 99.90
4 10.72 49.2 131 98.90 2.30 98.0 94.4 94.7 99.82
5 10.56 48.4 90 96.50 2.80 97.1 94.2 96.7 99.83
6 11.35 41.1 103 98.90 3.70 96.8 94.5 98.1 99.92
7 6.09 30.5 75 88.50 3.76 92.0 95.6 95.6 99.60
8 5.90 29.3 82 79.40 1.76 93.9 94.2 94.6 98.89
9 6.70 28.9 86 83.10 1.19 89.9 95.4 91.0 99.59

10 6.30 30.5 89 72.60 1.75 86.9 95.0 97.2 99.33
11 7.56 29.6 78 81.50 1.30 100.0 96.0 92.3 99.68
12 7.00 31.2 64 76.40 0.91 97.7 95.6 97.6 99.72
13 18.00 47.1 18 96.97 1.70 92.9 94.5 93.9 83.30
14 19.70 45.9 28 77.42 1.66 89.0 95.8 88.6 80.40
15 17.20 46.9 51 82.81 1.00 96.4 93.4 95.5 89.60
16 17.60 47.0 24 98.04 2.46 91.4 94.1 94.0 65.50
17 18.30 44.9 100 97.22 1.97 94.7 93.4 04.4 88.90
18 14.60 45.6 73 98.00 2.20 94.5 94.9 98.9 91.80
19 17.60 42.9 69 99.24 0.80 95.5 95.0 95.5 99.90
20 16.60 43.8 57 98.45 0.80 97.7 94.6 94.7 100.00
21 16.30 43.8 74 97.80 0.00 96.6 93.9 97.2 100.00
22 16.90 42.4 43 100.00 0.00 99.1 95.3 99.0 99.90 V,
23 17.20 41.9 46 96.59 0.00 95.5 96.4 95.5 99.70
24 16.20 41.7 60 99.30 1.90 95.4 95.8 98.2 99.70
25 22.00 35.5 91 75.60 0.90 94.1 90.1 87.2 95.60
26 26.00 34.5 67 71.60 1.70 96.2 92.9 87.6 97.10
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035 31 32 33 94 S5 36 37 MIONTH "S831 fS2 SR3 f534

27 0 0 0 0 0 0 1 3 50.60 66.45 100.00 26.00
28 0 0 0 0 0 0 1 4 47.00 64.51 123.00 26.00
29 0 0 0 0 0 0 1 S 49.60 84.88 127.00 29.00
30 0 0 0 0 0 0 1 6 48.40 77.20 01.00 23.00
31 -1 -1 -1 -1 -1 -1 -1 1 23.90 75.18 48.00 19.00
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32 - .-1 -1 -1 -1 -1 -1 2 31.60 77.16 50,00 21.00
33 -1 -1 -1 -1 -1 -1 -1 3 23.20 79.22 36.00 IS.00
34 -1 -1 -1 -1 -1 -1 -1 4 24.90 79.17 38.00 18.00
35 -1 -1 -1 -1 -1 -1 -1 S 25.90 81.60 40.00 19.00
36 -1 -1 -1 -1 -1 -1 -1 6 21.00 86.78 44.00 12.00

on$ "Us8 SR6 SR7 SR38 K539 M3210 H1311 M1312 1SR13

27 24.00 34.2 76 67.50 0.00 95.0 93.4 92.1 94.60
28 26.00 34.3 98 55.70 0.00 96.8 87.2 32.3 94.00
29 29.00 32.3 135 81.00 1.20 94.0 35.1 88.4 95.50
30 30.00 31.0 102 65.20 5.60 94.1 93.0 94.5 95.70
31 17.00 29.6 59 64.40 2.90 95.0 96.2 96.0 95.60
32 17.00 29.9 43 93.90 1.20 96.4 95.6 V4.5 97.10
33 13.00 30.4 63 91.00 0.00 95.8 95.5 96.3 94.60
34 15.00 29.8 87 92.30 1.10 95.2 93.4 92.5 94.00
35 15.00 30.0 67 84.60 0.00 93.8 96.0 94.6 95.30
36 14.00 27.2 80 80.00 1.10 97.6 95.2 96.6 95.70
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backward Elimination Procedure for Dependent variable MSI1C

Step 0 All Variables Entered R-square a 0,64258878 C(p) a 19.00000000
NOTE: The model is not of full rank. A subset of the model which is of full

rank is chosen.

DF Sum of Squares Mean Square P Prob)?

Regression 18 182.58714007 10.1437300C 1.?0 0.1405
Error 17 101.55591548 5.97387738
Total 35 284.14305556

Parameter Standard Type II
Variable Astimate Error Sum of Squares F Prob)F

INTERCIP 90.48796723 56.32324156 15.41922994 2.58 0.1266
31 7.31404712 39.11726127 0.20885022 0.03 0.8539
33 2.64589939 9.34822509 0.47856908 0.08 0.7806
B4 0.55266712 9.45476434 0.02041184 0.00 0.9541
35 -6.42666197 10.70790879 2.15187922 0.36 0.S563
86 -6.53828528 8.14159974 3.85269421 0.64 0.4330
MONTH 0.50502532 0.38608536 10.22153078 1.71 0.2083
MSRI -0.18539978 0.20159438 5.05263430 0.85 0.3706
MSR2 -0.22149415 0.21594808 6.28466529 1.05 0.3194
1SR3 -0.03361370 0.04289291 3.66874793 0.61 0.4440
MSR4 -0.34889430 0.21776757 15.33407680 2.57 0.1275
MSRS 0.68423498 0.47024333 12.64799181 2.12 0.1639
HSR6 0.30535963 0.38601755 3.73822508 0.63 0.4398
MS37 -0.04807522 0.02848790 17.01288054 2.85 0.1098
1F58 0.01721005 0.06965573 0.36467562 0.06 0.8078
1S59 -0.51599832 0.57572127 4.79875215 0.80 0.3826
HS811 -0.28019969 0.40128248 2.91266950 0.49 0.4945

SR12 -0.26171282 0.29718400 4.63292686 0.78 0.3908
MS113 0.68384410 0.31091668 28.89897734 4.84 0.0420

bounds on condition number: 1280.709, 39667.02

Step 1 Variable 34 Removed I-square v 0.64251695 C(p) a 17.00341685

DI Sum of Squares Mean Square P ProbV?

Regression 17 182.56672823 10.73921931 1.90 0.0928
Error 18 101.57632732 S.64312930
Total 35 284.14305556

Parameter Standard Type 11
Variable estimate Error Sum of Squares P Prob)r

INTERCEP 91.28277804 53.12270422 16.66239205 2.95 0.1029
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31 9.28622316 10.23909449 1.31470701 0.23 0.63S1
13 2.25784652 6.39084646 0.70303462 0.12 0.7282
as -6.79028392 8.47001779 3.62606170 0.64 0.4332
36 -6.85625644 3.8878$064 7.65278711 1.36 0.2594
MONTH 0.509868C2 0.36650139 10.92156515 1.94 0.1811
MSRI -0.19189360 0.16349870 7.77342453 1.36 0.2558
P152 -0.224763S7 0.20272178 6.93602086 1.23 0.2821
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MSR3 -0.0333F" .0 0.04148500 3.650491908 0.65 0.4317
MaB4 -0.348f 32 l.21165110 15.33939716 2.72 0.1166
V3SR5 0.66, J80 0.30201038 27.24544933 4.83 0.0413
PS16 0.30 ,390 0.3723708S 3.72664218 0.66 0.4270
HSR7 -0.04,01600 0.02757678 17.04420S01 3.02 0.0393
PSI8 0.01695314 0.06756511 0.35528372 0.06 0.8047
PSR9 -0.50091414 0.50019930 5.65927013 1.00 0,3299
"PSKl -0.27029861 0.35356771 3.29808947 0.58 0.4545
PS5I2 -0.26526707 0.28272962 4.96757093 0.88 0,3605

SR313 0.68108646 0.29868820 29.34190909 5.20 0.0350

bounde on condition number: 327.9588, 13641.43

Step 2 Variable 37 Entered R-square r 0.64258878 C(p) V 19.00000000
NOTE: The variable which previously had mall tolerance is nov allowed to enter

after removal of oome variables from the model.

DF Sum of Squares Mean Square P Prob)P

Rejreosion 18 182.587140C7 10.14373000 1.70 0.1405
Error 17 101.5591548 5.97387738
Total 35 284.143055S6

Paraeter Standard Type 11
Variable asti&ate Error Sum of Squares I Prob)P

INYERCIP 91.04063435 54.81407356 16.47944942 2.76 0.1151
91 10.63004982 30.33737288 0.7334S076 0.12 0.7303
53 2.09323227 7.15881679 0.51075032 0.09 0.773S
a5 -6.97932908 9.29630529 3.36715339 0.56 0.4631
36 -7.09095240 7.26746746 5.68720983 0.95 0.3429
37 -0.55266712 9.45476434 0.02041184 0.00 0.9541
MONTH 0.50502532 0.38608536 10.22153078 1.71 0.2083
MS11 -0 18539978 0.20159438 5.05203430 0.8S 0.3706
HS12 -0.22149415 0.21594808 6.28466529 1.05 0.3194
1S33 -0.03361370 0.04289291 3.66674793 0.61 0.4440
MSR4 .0.34889430 0.21776757 15.33407680 2.57 0.1275
PSIS 0.68423498 0.47024333 12.64799181 2.12 0.1639
MSR6 0.30535963 0.3860175S 3.73822508 0.63 0.4398
MS27 -0.04807S22 0.02848790 17.01288054 2.85 0.1098
1S58 0.01721005 0.06065573 0.36467562 0.06 0.8078
M139 -0.51599832 0.57S72127 4.79875215 0.80 0.3826
1Sll -0.28019969 0.40128248 2.91266950 0.49 0.4945
MSR12 -0.26171282 0.29718400 4.63292686 0,78 0.3908
M1313 0.68384410 0.31091668 28.89897734 4.84 0.0420

Bounds on condition number: 770.3173, 27665.17

Step 3 Variable 37 resoved 3-square a 0.64251695 C(p) s 17.00341685

DF Sum of Squares Mean Square F Prob)v

Regression 17 182.56672823 10.73S21931 1.90 0.0928
Error 18 10.L.57632732 5.64312930
Total 35 284.14305556
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Parameter Standard Type 11
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variable lstimate Irror Sum of Squares r ProbWF

INTIRCSP 31.28277804 53.12270422 16.66239205 2.9S 0.1029
a1 9.20622316 19.23909449 1.31470701 0.23 0.6351
33 2.25764652 6.39684046 0.70303462 0.12 0.7282
a5 -4.79026592 8.47091779 3.62606170 0.64 0.4332
as -6.05425644 5.38758664 7.65278711 1.36 0.2594
AOICTr 0.50986682 0.36650139 10.3215851S 1.94 0.1811
MHS1 -0.19169390 0.16349870 7.77342453 1.38 0.2558
MSt2 -0.224V635? 0.20272276 6.93632080 1.23 0.2821
nS13 -0.03336620 0.04148500 3.65049198 0.65 0.4317
tiR4 -0.34895132 0.21165119 15.33030716 2.72 0.1166
HMOS 0.66360380 0.30201038 27.24544933 4.83 0.0413
HSI& 0.30260330 0.3723706S 3.72664218 0.66 0.4270
H537 -0.04792608 0.02757678 17.04420501 3.02 0.0093
H5R8 0.01895314 0.06756511 0.35528372 0.06 0.8047
HSS -0.50091414 0.50019930 5.65927013 1.00 0.3299
"$Rall -0.27023861 0.35356771 3.29808947 0.58 0.454S
HIlS1 -0.26521707 0.28272962 4.967S7093 0.81 0.3605
NSR13 0.68108646 0.29868820 29.34190909 5.20 0.0350

bounds on condition nunber: 327.0588, 13641.43

Step 4 Variable HSA$ Removed I-square a 0.64126658 C(p) * 15.06288373

D? Sun of Squares Hean Square V Prob)P

Regression 16 182.21144451 11.38821528 2.12 0.0595
Error 1i 101.93161104 5.36482163
Total 35 284.14305555

Parameter Standard Type 1!
Variable Etstmate Error Sue of Square* F ProbVF

INTERCEP 88.41537116 50.58351441 16.33052395 3.06 0.0966
91 7.05501230 18.03132926 1.04419476 0.19 0.6641
33 2.52833243 6.14791281 0.90733620 0.17 0.6855
05 -6.34118434 8.07291721 3.31005376 0.62 0.4419
96 -6.38768133 5.44414404 7.38554515 1.38 0.2562
MONTH 0.50508088 0.35686490 10.74656047 2.00 0.1732
"1SRI -0.17662511 0.14796360 7.64452328 1.42 0.2473
"61S2 -0.21472883 0.19377618 6.58772140 1.23 0.2816
1S53 -0.03557a37 0.03952S09 4.34691886 0.81 0.3793
HSR4 -0.36207640 0.19996426 17.58939824 3.28 0.0860
"UESS 0.66923709 0.2933S419 27.86396382 5.19 0.0344
"Sao6 0.30734502 0.36260473 3,85425731 0.72 0.4072
"3147 -0.04783039 0.02688559 16,97346044 3.16 0.0012
HER9 -0.50501745 0.48744823 5.75852254 1.07 0.3132
Wall1 -0.24278365 0.32773922 2.34399671 0.55 0.4679
NS12 -0.27020245 0.27500172 S.17920433 0.37 0.3382
14513 0.69081240 0.28876600 30.70301070 5.72 0.0272

Bounds on condition number: 303.0132. 12026.46
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Step 5 Variable 33 Removed &-square a 0.63807334 C(p) * 13.21477370

DV Sun of Squares Mean Square F Prob)f

Regression is 181.30410831 12.08604055 2.35 0.0378
Error 20 102.83894724 5.14194736
Total 35 284.14305556

Parameter Standard Type Ii
Variable Estimate Error Sun of Squares F Prob)f

INTEECEP 83.10666590 47.88196812 15.40014058 3.01 0.0980
al 14.43409773 8.58638358 14.53069335 2.83 0.1083
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a5 -8.67410126 5.62321230 12.23475520 2.38 0.1386
B6 -8.13937220 3.31939993 30.01640707 6.01 0.0235
MONTH 0.55S16807 0.32769944 14.80048428 2.86 0.1053
"MSRI -0.19371444 0.13902755 9.96274320 1.34 0.1788
"n512 -0.21174669 0.18057552 6.41430538 1.26 0.2773
M813 -0.03619141 0.0386675 4.50441844 0.66 0.3605
MSt4 -0.35714589 0.19541439 17.17535917 3.34 0.0826
MIas 0.66713336 0.28744613 27.69746514 5.31 0.0310
Kle0 0.44446552 0.13950864 52.19242104 10.15 0.0046
M$l7 -0.045431SO 0.02569427 16.07572106 3.13 0.0923
M$19 -0.42729301 0.43988570 4.65176241 0.94 0.3430

lS111 -0.22000018 0.31620227 2.49008640 0.46 0.4045
"MI0i1 -0.27165015 0.26920678 5.23570943 1.02 0.3250
NS135 0.67877305 0.28124847 29.94907528 5.62 0.0255

bounds on oondition number: 73.70636, 4153.805

Step 6 Variable Mii1 lswoved 3-square a 0.62130984 C(p) a 11.63160322

Do Sun of Square* Mean Square F Prob)?

Regreseion 14 178.61401991 12.77242999 2.55 0.0258
Error 21 105.32903565 5.01566836
Total 35 284.14305556

Paraeter Standard Type It
variable tatimate Error Smn of Squares F Prob)?

INTE1CEP 61.60354306 36.12504309 14.58557075 2.91 0.1029
91 15.28544493 8.39377517 16.63298979 3.32 0.0629
35 -9.09670657 5.52133161 13.61474535 2.71 0.1143
36 -8.26962215 3.27317076 32.01569205 6.36 0.0106
MONTH 0.51767335 0.31905451 13.20415620 2.63 0.1196
HSRI -0.18300665 0.13646621 9.02011964 1.60 0.1942
HSR2 -0.22399288 0.18642477 7.24085741 1.44 0.2421
M323 -0.03479546 0.03813666 4.17487300 0.83 0.3719
M624 -0.37429139 0.10145177 19.16$73282 3.82 0.0640
"31S5 0.66659649 0.28254750 29.61754342 5.01 0.0242
MS56 0.44581014 0.13777176 52.51801160 10.47 0,0040
MS7 -0.04195349 0.02486208 14.24763240 2.84 0.1067
"MSRO -0.41174249 0.42471247 6.72379192 1.34 0.2599
MER12 -0.22798672 0.25855613 3.89170265 0.78 0.3879
M6113 0.64999216 0.2747Z374 28.07099707 5.60 0.0277

The SAS Systea 16:40 Thursday, July 12, 1990
7

Bounds on condition number: 72.93569, 3702.734

Step 7 Variable M5I12 Reoved I-squate a 0.61550540 C(p) a 10.2643O577

Do Sun of Squares ""a Square V Prob)f

legression 13 174.01431726 13.45404748 2.71 0.0190
error 22 109.22873$30 4.06494265
Total 35 204.14305556

p

Paraseter Stendard Type It
Variable Estimate error Sin of Squares F ProbVr

INTEtCIP 44.53041165 30.34312173 10.69318636 2.15 0.1564
31 13.70247639 8.15708042 14.00706177 2.62 0.1072
35 -7.75635842 5.28105205 10.70006670 2.16 0.1561
as -7.56833866 3.15898015 28.49847002 5.74 0.0255
MONTH 0.38072076 0.27728484 9.35190365 1.69 0,1836
"MSol -0.14892477 0.13021449 6.40425706 1.31 0.2650
MS12 -0.17676650 0.17766010 4.91511760 0.09 0.3306
NMS3 -0.02236198 0.03526556 1.00000700 0.40 0.5322
MS14 -0.30010876 0.17111354 15.27224365 3.06 0.0034
MIts 0.59479303 0.26133441 25.71892327 5.16 0.0329
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"Siao 0.38174573 0.11646343 53.34373537 10.74 0.0034
NIt7 -0.03924005 0.02358114 11.09103506 2,23 0.1492
1533 -0.65209206 0.40710643 10.50211531 2.12 0.1400
nSi13 0.57485706 0.25386230 24.29296774 4.86 0.0377

sound@ on condition number: 07.40747, 3164.121
..... &................00......... 0.................e...................*~e .

Stop I Variable o133 Removed 3-square x 0.60854702 C(p) 6.1.17118

D3 sumof Squares eano square F PeobWY

egreossion 12 172.01441026 14.4005341S 2.08 0.0110
Error 23 111.22664530 4.83602506
Total 35 284.14305556

Pa•aeter Standard Type It
Variable Estimate Error Sun of Squaos F Prob)f

INTSItC3P 41.25976635 23.51156654 0.45274860 1.35 0.1754
21 11.67660622 7.63417660 12.01753327 2.48 0.1286
Is -6.63110971 4.34180018 6.06573512 1.83 0.1813
10 -6.93461750 2.35705757 26.6140309 5.50 0.0261
MONTH 0.42251106 0.26583346 12.21646311 2.53 0.1256
"1I11 -0.14734360 0.12846334 0.35341430 1.32 0.2633
"1I82 -0.14005934 0.16626244 3.47606747 0.72 0.4053
S154 -0.25650034 0.15466433 13.30100249 2.75 0.1106
"M163 0.49073352 0.2008506 28.66982937 5.37 0.0226
"116 0.33760368 0.09219426 64.14762517 13.41 0.0013
1517 -0.03721735 0.02307021 12.58586393 2.60 0.1203
"1183 -0.t5537366 0.3335206 0.52626724 1.37 0.1738
S1153 0.53814120 0.255522S5 25.70804711 5.32 0.0305

The SAJ System 16:43 Thursday, July 12, 1330

bounds on condition number: 60.59$63, 2460.224
--------------------...............................-- - - - - - - - -

Step 0 Variable 11312 RIoved 3-equaro a 0.56361351 C(p) a 7.20104308

of $un of squares Moan Square V Prob)r

Riereseion 11 163.43034278 15.40348571 3.22 0.0080
Error 24 114.70471277 4.77936303
Total 35 284.14805556

Pa•a•ter Standard Type 11
Variable letimate Irror Sun of Squares 7 prob)f

INTEICBF 27.64468014 24.78464684 6.04213254 1.26 0.2720
at 0.64265177 6.37137856 .035857973 1.87 0.1088
a5 -4.51727590 4.13975011 1.52337317 1.16 0.2328
36 -6.43245264 2.06091652 28.12611556 4.33 0.0352
MONWT 0,34622471 0.41667212 0.26471261 1.34 0.1766
"S3I1 -0.00032319 0.11410135 8.51331301 0.75 0.93S1
N184 -0.23840401 0.16226444 11.71317243 2.45 0.1306
Hill 0.50567815 0.10000120 30.08311670 6.46 0.0170
"118o 0.23204016 0.07521620 72.43470581 15.17 0.0007
"115? -0.03617604 0.02230213 11.12556982 2.50 0.1273
Milk# -0.71187060 0.85146304 19.10080104 4.14 0.0530
HI131 0.61456737 0.25226261 21.3011#614 5.34 0.0226

Sounds on condition numbers 50.1124, 1643,283
---------------------------.............................-- - - - - - - -

Stopl0 Variable iS31 Removed I-square a 0.56370230 C(p) a 5.60019217

or sun of squares Mean Square V Prob)F

Regression 10 15.6S5463870 16.51146357 8.11 0.0058
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Irror 25 118.28810185 4.73152407
Total 33 284.14305556

Parameter Standard Type It
Variable Istisate Error Sun of Squares I Prob)?

INTrRCIP 27.62126700 24.63915065 5.34960701 1.26 0.2720
31 5.36666356 5.01174059 5.42945534 1.15 0.2943
as -3.09144711 3.84400625 3.06012154 0.65 0.4286 4
36 -4.44130514 1.73869441 30.97466610 6.55 0.0169
NON M 0.3581668? 0.24704340 0.04557491 2.10 0.1535
M124 -0.2$511506 0.15026703 13.64277060 2.86 0.1019
"NiRS 0.38449609 0.14063083 33.36906653 7.48 0.0113
"MSl. 0.30103873 0.07425803 77.76048045 16.43 0.0004
?il9 -0.03974355 0.02241570 14.87406642 3.14 0.0884
"$E0l -0.64511594 0.34024977 17.00108361 3.59 0.0696
NSO13 0.60382370 0.25069207 27.44386101 5.80 0.0237

Sounds on condition number: 37.47714, 1037.035

The $AS System 15:49 Thursday, July 12, 1090

istp1l Variable 35 Removed I-square a 0.57293264 C(p) * 4.31314285

Dy Bun of Squares Mean Square F Prob f

Iegression 9 162.79453216 18.00831468 3.88 0.0032
Error 26 121.34822339 4.66723936
Total 35 204.14305556

Parameter Standard Type II
Variable Estimate Error Sun of Squares PrObF r

IRTERcEP 13.43994724 17.08111410 2.88950077 0.82 0.4385
31 1.74833160 2.18770123 2.08070106 0.64 0.4314
36 -4.31364865 1.71096517 29.39039015 6.30 0.0187
MONTH 0.21532698 0.23276323 7.SI35SS0S 1.61 0.2158
MEt -0.17731344 0.11414144 11.26306751 2.41 0.1324
HERS 0.35076958 0.13331718 32.30960731 6.02 0.0141
MEIS 0.27147445 0.06408008 83.76679823 17.05 0.0003
NOR7 -0.03567530 0.02168807 12.62706492 2.71 0.1120
MEig -0.64739549 0.33791874 17.13069031 3.67 0.0664
NER13 0.74825S54 0.17371309 86.59449319 18.55 0.0002

bounds on oondition number: 7.507408. 311.4218

Step12 Variable 31 Removed 3-square a 0.56244218 C(p) - 2.81211371

Dr E'm of Squares Roan Square F Prob)F

toeresslon 8 151.81404020 19.07875502 4.34 0.0018
Error 27 124.32901536 4.60477835
Total 35 284.14305556

Parameter Standard Type II
Variable Estimate Error Sum of Squares F Prob)f

INTISCIP 19.00210066 14.88416044 8.30766520 1.80 0.1904
36 -3.16284267 0.93245888 52.07009420 11.51 0.0022
MOMTH 0.26514642 0.22813654 8.22000277 1.35 0.2553
M334 -0.15668088 0.11043677 9.26851278 2.01 0.1674
"HORS 0.30963309 0.12215372 20.58037500 6.43 0.0174
MERS 0.26805864 0.003507192 82.03623563 17.82 0.0002
HMv7 -0.02770761 0.01770235 9.77125308 2.12 0.1566
"SEaO -0.53540318 0.30547750 14.15005037 3.07 0.0910
MII13 0.67313998 0.14510737 99,09163407 21.52 0.0001

Bounds on oondition number! 4.641112, 163.1957
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Step13 Variable 52 Entered 3-square a 0.57293264 c(p) , 4.31314265
NOTE: The variable which previously had small tolerance is now allowed to enter

after removal of saome variables from the model.

01 5am of Squares Mean Square F Prob)f

Regreesion 9 162.70483216 1e.081831468 3.85 0.0032
Irror 26 121.34822331 4.66712336

The US System 16:49 Thursday. July 12. 1360
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Total 35 284.14305556

harameter Standard Type 11
Variable 1stimate Error Sun of Squares r Frob'?

INTBRCIP 13.43994724 11.08111410 2.88500071 0.62 0.4385
32 1.74833160 2.18770123 2.95070196 0.64 0.4314

86 -4.31364865 1.71898517 29.39039015 6.30 0.0187
MONTH 0.29532969 0.23276323 7.51355650 1.61 0.2158
MS14 -0.17731344 0.11414144 11.26306751 3.41 0.1324
M35s 0.35076958 0.13331718 32.30060731 6.32 0.0141
1SR6 0.27147445 0.06408008 83.76679823 17.95 0.0003
ie327 -0.03567530 0.02168857 12.62796492 2.71 0.1120
HSRO -0.64739549 0.33791874 17.13060031 3.67 0.0664
MSR13 0.74825S48 0.17371399 S6.$9449319 18.55 0.0002

Sounds on c .,dition number: 7.;9'40ZI, 311.4218

Stepl4 variable 32 Removed 3-square n 0.56244218 C(p) , 2.81211371

of Sum of Squares Mean Square F Prob)f

Regression 8 159.81404020 19.97675502 4.34 0.0018
Error 27 124.32901536 4.60477835
Total 35 284.14305556

Parameter Standard Type 11
variable Estimate Error Sum of Squares F Prob)F

INTERCBP 19.99216066 14.88416944 8.30766520 1.80 0.1904
36 -3.16284267 0.9324S868 52.97909420 11.51 0.0022
MONTH 0.26514642 0.22813654 6.22000277 1.35 0.2553
M134 -0.1586808$ 0.11043677 .28858278 2.01 0.1674
"1SAS 0.30963369 0.12215372 29.58637590 6.43 0.0174
"on9e 0.26805654 0.06350792 02.03623509 17.82 0.0002
M237 -0.02579761 0.01770235 9.77925908 2.12 0.164#
"Sag3 -0.53549318 0.30547750 14.15005637 3.07 0.0010
MS533 0,67313998 0.14510797 39.09163407 21.52 0.0001

Sounds on condition number: 4.641112. 143.1957

StepIS Variable MONTH Removed *-square * 0.54055176 C(p) x 1.85331336

Dp Sue of Squares Mean Square F Prob)f

regression 7 153.59403743 21.94200535 4.71 0.0014
Error 28 130.54901813 4.86244493
Total 35 284.14305556

Parameter Standard Type I1
Variable Estimate Error Sut of Squares F Prob5F

INTERCEP 20,05864711 14.97699073 8.36313698 1.73 0.1912
D6 -3.10648366 0.93701177 51.24643215 10.99 0.0025

SR4 -0.18083166 0.10914148 12.79925873 2.75 0.1057
The SAS System 16:41 Thursday, July 12, 1990
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MS15 0.32932169 0.12172882 34.12474482 7.32 0.0115
We56 0.26058680 0.0635737S 78.31857335 16.80 0.0003
1S?7 -0.01992729 0.01707242 6.35216722 1.36 0.2530 1
"SRO3 -0.52230303 0.30717207 13.48045824 2.61 0.1001
11533 0.68139111 0.14583920 101.77141612 21.83 0.0001

Sounds on condition number: 4.551857, 131.7593
e~e 4

Stepl0 Variable H1S? Remooved 3-equare a 0.31813627 C(p) a 0.91663799

D? SUN of Squares Heam Square I Prob)?

Ieuression 6 147.24187020 24.54031170 5.20 0.0010
Irror 29 136.90118535 4.72073053
Total 3S 284.14305556

Parameter Standard Typo II
Variable Istinate Error Sum of Square@ F Prob)V

INTIRCEP 27.10227711 13.79286255 18.22686415 3.86 0.0591
36 -2.78535210 0.90128980 45.08586582 9.55 0.0044
MS14 -0.16654067 0.10912811 10.99452813 2.33 0.1378
1535 0.29114221 0.11798214 28.74663643 6.09 0.0197
1S16 0.25196455 0.06353946 74.23369133 15.73 0.0004
"SR9 -0.59496438 0.30267363 18.240719$7 3.86 0.0590
MSA13 0.60104293 0.12937193 101.89199560 21.58 0.0001

Bounde on condition number: 4.223191. 94.62532

Step1? Variable M534 Removed 3-square a 0.47050263 C(p) a 0.75701217

Dy Sum of Squares lean Square F Prob)?

tegression 5 136.24734207 27.24946841 5.53 0.0010
Error 30 147.89571349 4.92985712
Total 35 284.14305556

Parameter Standard Typo 11
Variable Estimate Error Sum of Squares 7 Prob)r

INTIRCEP 39.66342622 11.31027748 60.62730541 12.30 0.0015
86 -2.38509568 0.88117786 36.11759663 7.33 0.0111
1S85 0.14211422 0.06766046 21.74901191 4.41 0.0442
"316 0.24234650 0.06461140 69.35688215 14.07 0.0008
PSA9 -0.51490772 0.30462419 14.08524344 2.86 0,1013
MS513 0.46801154 0.09768928 113.14976015 22.95 0.0001

bounds on condition number: 1.890053. 38.7471?

The SAS System 16:40 Thursday, July 12, 1990
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Stap18 Variable NS1 Removed 1-square a 0.42993167 C(p) a 1.11487809

Db Sum of Squares Mean Square F Prob r

Regression 4 122.16200863 30.54052466 5.84 0.0013
Error 31 161.98095693 5.22511216
Total 35 284.14305556

Padramotor Standard Type II
Variable Estimate Error Sum of Squares F Prob)V

INrERCEP 40.66366603 11.62818686 63.89859607 12.23 0.0014
36 -2.11881393 0.89257328 29.44422577 5.64 0.0240
MSR5 0.14250730 0.08965725 21.86974994 4.19 0.0493
1S16 0.22412669 0.06588641 61.01853184 11.88 0.0018
M6113 0.45650602 0.10032844 108.18004799 20.70 0.0001

198



bounds on oondition number: 1.82964S, 26.34921

All variables left In the model are sipgifioant at the 0.1000 level.

Sumary of Backward BlIaination Procedure for Dependent Variable 11I5I0

Variable Number partial Model
Stop 3ntered Removed In asa2 2e88 C(p) V Prob~l

1 34 17 0.0001 0.6425 17.0034 0.0034 0.9541
2 37 18 0.0001 0.6426 19.0000 0.0034 0.9541
3 37 1? 0.0001 0.6425 17.0034 0.0034 0.9S41
4 H321 16 0.0013 0.6413 15.0620 0.0630 0.8047
5 53 is 0.0032 0.6381 13.2148 0.1691 0.685s
6 1SRII 14 0.0068 0.6293 11.6316 0.4643 0.4945
7 16212 13 0.0137 0.6156 10.2644 0.7775 0.3879
8 1153 12 0.0070 0.6086 8.6192 0.4028 0.5322
9 M822 11 0.0122 O.$063 7.2010 0.7188 0.4053

10 "SRI 10 0.0126 0.3837 5.8009 0.7498 0.3951
11 3s 9 0.0108 0.5729 4.3131 0.6468 0.4289
12 31 8 0.0105 0.5624 2.6121 0.6387 0.4314
13 32 9 0.010S 0.5729 4.3131 0.6387 0.4314
14 32 8 0.0105 0.5624 2.8121 0.6387 0.4314
is MONTH 7 0.0219 0.5406 1.8533 1.3508 0.2553
16 S157 6 0.0224 0.5182 0.9166 1.3624 0.2530
17 MS24 5 0.0387 0.4795 0.7571 2.3290 0.1378
18 1S39 4 0.0496 0.4299 1.1149 2.8571 0.1013

The WAS Syste 16:49 Thursday, July 12, 1990
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Backward Elisination Procedure for Dependent Variable 11SRII

Step 0 All Variables Entered I-square a 0.66502524 C(p) • 19.00000000
NOTE: The model it not of full rank. A subset of the model which Is of full

rank is chosen.

Dy Sue of Squares Moan Square f Prob)F

Regression 18 71.59609488 3.97767194 1.68 0.1008
Error 17 36.06412734 2.12141926
Total 35 107.66222222

Parameter Standard Type II
Variable Estimate Error Sun of Squares F ProbVf

INTIRCEP 76.44083349 30.88464715 12.99547165 6.13 0.0241
31 -38.61004497 21.37314768 6.92293331 3.26 0.0886
33 8.57585964 5.18202497 5.61008965 2.74 0.1163
34 9.72305259 S.1176229? 7.65764452 3.61 0.0745
95 7.91783995 6.18567549 3.50984963 1.65 0.2156
36 5.59771638 4.762?7604 2.94275087 1.39 0.2551
MONTH 0.05508502 0.24100532 0.11082563 0.05 0.8219
"$I81 0.03378199 0.12281251 0.16051356 0.08 0.7866

1I32 0.04347560 0.13218910 0.22947024 0.11 0.7463
MS83 .0.00539286 0.02598527 0.09137140 0.04 0.8381

t514 0.05314886 0.13862605 0.31183492 0.15 0.7062
mSas 0.35311480 0.28455491 3.26882736 1.54 0.2315
M136 -0.062363835 0.23373751 0.15199054 0.07 0.7922
1157 -0.02090987 0.01728335 2.98473494 1.41 0.2519
HSUo 0.05355659 0.039S0263 3.89942289 1.84 0.1929
(SR9 -0.16839103 0.34871022 0.49469223 0.23 0.6353
N11O0 -0.099S0338 0.14250182 1.0343354S 0.49 0.4945

SR12 -0.08706180 0.17983017 0.50756265 0.24 0.6310
1SI13 0.19172100 0.20476102 1.8S945836 0.88 0.3623

Sounds on condition number: 1076.665, 34810.65

Stop 1 Variable 1513 Removed B-square 0.66417655 C(p) a 17.04307088
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Dr Sum of Squares Now Square F Prob)V

Ieoroaieon 17 71.50672348 4.20627783 2.09 0.0647
Error Is 3.15549874 2.00863882
Total 35 107.66222222

Parameter Standard Type 11
Variable Estimate Error $us of Squares F ProbWV

INTERC3P 74.90838933 29.18032625 13.23823971 6.69 0.0194
11 -38.70004404 20.79289443 6.S5849103 3.46 0.0731
23 8.03436S3 6.03095212 5.73839401 2.66 0.1082
14 3.63104828 4.36101260 7.57021660 3.71 0.0680
as 6.148831S7 5.69108804 3.84327542 1.01 0.1835
16 8.71061140 4.59432422 3.10330028 1.54 0.2238
MONTH 0.05348428 0.23439146 0.10456027 0.OO 0.8221
mSai 0.03439774 0.119468S3 0.16651546 0.06 0.7767

The SAS gysem 16:43 Thursday, July 12, 1330
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HSt2 0.03228387 0.12181713 0.37001607 0.18 0.6720
MSR4 0.06866334 0.11351604 0.73388487 0.37 0.3531
"MSRS 0.32086687 0.23106085 3.84340883 1.91 0.183S
MS26 -0.07888339 0.21418224 0.27246209 0.14 0.7169
NSE7 -0.02067917 0.01711923 2.03080054 1.46 0.2427
MSR8 0.05533147 0.03752663 4.36583827 2.17 0.1576
NSR9 -0.16310223 0.33840716 0.46659802 0.23 0.8356
NSR10 -0.09414736 0.13636942 0.95738364 0.48 0.4988
"MSR12 -0.07419925 0.16263260 0.41800246 0.21 0.6537
M3113 0.18323934 0.19067590 1.77756800 0.88 0.3393

bounds on €onditinw number: 1076.213, 32010.60

Stop 2 . Variable MONTH Removed 3-square a 0.66320S13 C(p) a 15.09237056

nF sm of squares mean Square V Prob)7

legrossion 16 71.40213821 4.46263364 2.34 0.0397
Error 10 36.26008401 1.90842547
Total 35 107.66222222

Parameter Standard Type It
Variable Estimate Error 8%. of Squares F Prob)?

INTERCIP 71.75287294 23.04689050 15.66196179 8.21 0.0099
31 -40.80645682 18.162S8143 9.43336183 5.05 0.0367
53 8.97026898 4.48006405 7.65033101 4.01 0.3507
34 9.01430655 4.68184205 8.55788361 4.48 0.0476
33 8.90740890 4.740$7821 6.73775727 3.53 0.0757
36 4.19894480 3.06273103 4.67001000 2.48 0.1342
Mani 0.04558588 0.10619093 0.3S160063 0.16 0,6725
Mas2 0.06318118 0.10023431 0.63845027 0.33 0.6098
M214 0.07602089 0.10616107 0.7800134 0.51 0.4826
MSRS 0.32576048 0.22513200 3.09574275 2.09 0.1442
Hl26 -0,10152004 0.18502688 0.57452526 0.30 0.5689 v
HSI? -0.01904986 0.01516505 3.01100380 1.56 0.2243
"aSn$ 0.05433S73 0.03633345 4.31381043 2.26 0.1402
M819 -O.IS8405S6 0.31131170 0.60876110 0.37 0.5523

-0500 5400406 0.12692300 0.65307412 0.45 0.5116
M5312 -0.05374111 0.13225267 0.31437370 0.17 0.4891
MSR13 0118185220 0.19143360 1,12216933 0.30 0.3541

Bounds on condition number: 864.271. 24318.09

Step 3 Variable M9112 Removed I-square a 0.6602750 C(p) x 13.24084649

01 Sun of Squares Mean Square F Prob)V
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Regression 15 71.087158S1 4.73914390 2.51 0.0242
Irror 20 36.S7506311 1.82875319
Total 35 107.66222222

Paraieter Stranuad Type II
variable Satimate Brror Sam of Squares V Prob),

The SAS system 16:49 Thursday, July 12, 1990
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INITRCIP 07.86135908 22.65462451 16.4091643? 8.91 0.0071
31 -41.39452851 17.72286178 9.97638672 5.46 0.0300
33 8.97927097 4.38S4#738 7.666S4235 4.19 0.0540
34 10.36545614 4.45228410 9.91211183 S.42 0.0305
5S 8.81623776 4.63536656 6.61536050 3.62 0.0717
36 6.24783844 3.87734248 4.74838965 2.60 0.1228
"1S5I 0.05382117 0.10203915 0.30877740 0.26 0.6037
1S42 0.06429391 0.10689629 0.66136086 0.36 0.5H43

SR4 0.08465514 0.10182240 1.26407936 0.61 0.41S6
MONS 0.33449181 0.21937601 4.25155728 2.32 0.1430
"SIG6 -0.08733674 0.17787006 0.44090326 0.24 0.6288
1S37 -0.01822096 0.01471103 2.80550493 1.53 0.2298
148a 0.03517072 0.03568155 4.49976160 2.46 0.1324
"1SR9 -0.21546068 0.29793752 0.15640258 0.52 0.4779
"SR10 -0.00854812 0.12418319 0.88826954 0.49 0.4939
MSR13 0.15731732 0.17782566 1.43126250 0.78 0.3868

sounds on condition number: 858.7814, 22475.81

Step 4 Variable 14836 Removed 3-square a 0.65618426 C(p) 11.44868058

DF Ium of Squares Mean Square V Probif

Regression 14 70.64825525 S.04616109 2.86 0.0145
grror 21 37.01596697 1.76266509
Total 35 107.66222222

Parameter Standard Type II
Variable astimate Error Sum of Squares F ProbW

IfIt3C3P $3.83803840 20.73578328 16.70661814 9.46 0.0057
31 -39.73372217 17.07085162 9.53937039 5.41 0.0301
33 7.89102181 3.71523281 7.95177758 4.51 0.0457
34 10.95906480 4.20652980 11.96510205 6.79 0.0165
as 7.83759106 4.10867304 6.41404258 3.64 0.0702
b6 5.5400071S 3.53376129 4.33227614 2.46 0.1319
"1SRI 0.04966500 0.09083315 0.43623571 0.25 0.6240
1S32 0.06900511 0.10452332 0.74825780 0.44 0.5163

1SR4 0.08578059 0.09993997 1.29885456 0.74 0.4004
"Ja5s 0.35590933 0.21107535 5.01156687 2.84 0.1066
1217 -0.01846173 0.01400788 2.43430903 1.38 0.2531
1453 0.05646465 0.03500324 4.61964435 2.62 0.1204
148 -0.18128913 0.28441276 0.71618844 0.41 0.5307
1I430 -0.08729595 0.12190949 0.90382204 0.51 0.4818
M1513 0.15911889 0.1745457? 1.46485504 0.83 0.3723

Sounds on condition number: 827.5015. 18858.77

Step 5 Variable 1S4I Removed 3-square * 0.85213236 C(p) 9 9.65431448

SDY Sum of Squares Mean Square F Prob)v

Regression 13 70.21001954 5.40077073 3.17 0,0033
Error 22 37.45220264 1.70237205
Total 35 107.46222222

The SAS system 16:49 Thursday, July 12, 1990
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Parameter Standard Type 11
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Variable Estimate Error am of Squares V PWobtV

INTERCEP 66.85569046 18.12221783 24.39234055 14.31 0.0010
N1 -33.70398453 11.02625216 13.82683907 8.12 0.0093 &
33 6.092579215 3.11369108 8.42253158 4.95 0.0367
D4 0.81927144 3.46620211 13.66172225 8.03 0.0097
as 6.30923366 2.68108300 9.42729498 5.54 0.0280
36 4.06467062 1.8884542? 7.88664797 4.63 0.0426
"5152 0.04345678 0.08046864 0.40168882 0.24 0.6320
NS14 0.09250343 0.09731625 1.53815341 0.00 0.3S22
"MS53 0.34727534 0.20673181 4.60384275 2.82 0.1071
HSI7 -0.01492940 0.01342930 2.10393805 1.24 0.2783
He50 0.06297607 0.03206039 6.56894626 3.86 0.0622
Pe59 -O.ISST126 0.27470352 0.54319633 0.32 0.5770
"Salo0 -0.09546227 0.11871511 1.10081052 0.65 0.4291
nS913 0.15516977 0.17135712 1.39593310 0.82 0.3750

Bounds on condition nimber: 410.7603, 9256.737

Step 6 variable MS12 Removod 3-square a 0.64840154 C(p) c 7.84365415

Dr SUN of Squares me"n Square F Prob)V

Regression 12 69.80835072 5.51736256 3.53 0.0045
Error 23 37.85357150 1.64582050
Total 35 107.66222222

Parameter Standard Type 11
Variable Estimate Irror Sum of Squares I Frob)?

IWTERCEP 72.33857021 16.08942497 33.26911611 20.21 0.0002
31 -34.75107744 11.43335718 15.20447659 1.24 0.0056
33 7.30869566 2.96285629 10.00929134 6.08 0.0215
34 10.00204419 3.38800202 14.34407952 8.72 0.0071
35 6.18610577 2.62452010 9.14596772 S.56 0.0273
36 4.37899167 1.74440518 10.37140418 6.30 0.0195
PS14 0.08384985 0.09406918 1.30765231 0.79 0.3620
P5RS 0.33888927 0.20255878 4.60676400 2.80 0.1079
1537 -0.01551888 0.01315033 2.29207946 1.39 0.2500
"SR$8 0.06585372 0.03098128 7.43608491 4.52 0.0445
MS39 -0.11643770 0.25847123 0.33399910 0.20 0.6566
"PSI10 -0.09876304 0.11653531 1.18210565 0.72 0.4055
P1513 0.15250891 0.16840075 1.34984791 0.82 0.3745

Sounds on condition nimber: 397.1322, 8224.202

Step 7 Variable NSt8 Resoved I-square a 0.64529925 C(p) s 6.00109549

D? SuN of Squares Mean 04uare F Frob)f

Regression 11 49.47435162 6.31555015 3.97 0.0023
Error 24 38.18787060 1.59116127
Total 35 107.86222222

The SAS System 16:49 Thursday, July 12, 1990
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Parameter Standard Type 11
Variable Istimate Error fun of Squares V rrobVF

INTZRCEP 73.94835334 15.42488055 38.57022203 22.98 0.0001
I1 -32.41572581 10.01989079 16.653277S3 10.47 0.0035
33 6.57187953 2.43200475 11.6188M754 7.30 0.0124
94 9.28920218 2.94560066 15.82425574 0.95 0.0043
i5 5.78531968 2.42714926 9.04016463 .468 0.0254
B6 4.27067804 1.69882073 10.05571053 6.32 0.0191
H824 0.09632110 0.08830783 1.88918236 1.10 0.2867
e5s5 0.28481100 0.16042251 5.01530222 3.15 0.0885

MER7 -0.01413049 0.01257000 2.01074946 1.26 0.2721
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AS 0.06398707 0.03018879 7.14837268 4.41 0.0446
"$RI0 -0.07789476 0.10514100 0.07333118 0.55 0.4660
"51il3 0.12441332 0.15380668 1.04111230 0.65 0.4265

Sound@ on 0ondition number: 315.4872, 5959.37

Step 8 Variable H1110 Removed I-equare a 0.63718748 C(p) a 4.41278857

DI P SUN of Squares Mean $quare F Frob)1

tegression 10 68.60102044 8.86010204 4.39 0.0013
Irror 2s 39.06120178 1.56244807
Total 35 107.46222222

Paraneter Standard Type II
Variable Ustimate Irror Sun of Squares 1 Prob)V

I9TIRCEP 70.36389224 14.51361849 36.72402761 23.50 0.0001
&1 -32.74098976 9.91953649 17.02183757 10.89 0.0029
63 6.45712294 2.40006847 11.26234460 7.21 0.0127
34 9.62325635 2.88450082 17.30035190 11.13 0.0027
a5 S.76155365 2.40493999 8.96760195 5.74 0.0244
be 4.39212904 1.675S6663 10.73574955 6.87 0.0147
H154 0.11130070 0.00524601 2.66781268 1.71 0.2032
"SAS 0.27275459 0.15814842 4.64750672 2.97 0.0969
SR7 -0.01185924 0.01207993 1.60588223 0.96 0.33S6

"Sao8 0.06594059 0.02980083 7.64987626 4.90 0.0363
MS313 0.07969914 0.14018254 0.50492251 0.32 0.5748

Sounds on condition number: 314.8815. 5344.808

Step 9 Variable 12113 Removed R-square a 0.63249761 C(p) * 2.65078022

Do Siu of Squares lean Square F ProbwF

Regraision 9 68,09609793 7.56623310 4.97 0.0006
trror 26 39.56612429 1.52177401

Total 35 107.66222222

Parameter Standard Type II
Variable Estimate Error Sum of Squares I ProbT

IN#T9CIP 78.15403007 4.71830521 417.52343525 274.37 0.0001
The SAS System 16:49 Thursday, July 12, 1990
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al -31.73326097 1.63106387 16.61765242 10.8S 0.0028
33 6.41181950 2.37225396 11.11707099 7.31 0.0120
34 9.5S790373 2.84444641 17.18224686 11.29 0.0024
Is 4.87633683 1.80872125 11.06099614 7.27 0.0121
a6 4.57206655 1.62383975 12.06393298 7.93 0.0092
H1524 0.10528379 0.08345400 2.42110628 1.89 0.2164
MSRS 0.25643914 0.15348471 4.24803970 2.79 0.1058
"187 -0.00959148 0.01125284 1.10559964 0.73 0.4018
HM53 0.08840884 0.02909605 0.41185845 5.S3 0.0266

Sounds on condition number: 304.8255, 4433.946

Steplo Variable HI57 Removed 3-square m 0.62222846 C(p) a 1.17194059

Do SUN of Squares Nean Square r Probr

Regression S 66.99049829 8.37381229 S.6 0.0003
Irror 27 40.67172393 1.50636015
Total 35 107.66222222

Parameter Standard Type It
Variable Estimate error Sum of Squares F Vrob)f
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INTIRCIP 77.40017080 4161113943 424.42013725 381.75 0.0001
31 -32.851373S6 9.443698$9 19.03763813 11.97 0.0018
33 6.29740270 2.3$642762 10.,5819723 1.14 0.0129
34 t.58798084 2.0291864S 17.23311764 11.48 0.0022
85 5.51903223 1.63571171 17.14300292 11.38 0.0023
36 4.30818900 1.56723201 14.?7422762 3.81 0.0041
M514 0.12841653 0.07850904 4.03014326 2.68 0.113S

atsR 0.23163626 0.14393588 3.85526383 2.38 0.1340
"MIl8 0.06682842 0.0288899? 8.06040408 S.35 0.0286

bounds on condition number: 293.1657, 3821.113

8topll Variable SIS Removed 3-square a 0.36883453 C(D) a 0.08668S20

DF Sum of 8quare8 NeMuz Square F Probi4

Regrehulon 7 63.39523446 9.05646207 1.73 0.0003
Error 28 44.26698777 1.58096385
Total 35 107.66222222

Parameter Standard Type It
Variable IstLsate Error Sum of Squares F Prob>V

INTINCIP 62.46570911 3.32147443 974.55624591 616.43 0.0001
al -20.62941545 5.37602041 23.27951706 14.72 0.0006
93 3.10469805 1.15390332 11.32705712 7.16 0.0123
34 $.72266340 1.35437704 28.2253386 17.85 0.0002
as 4.28099802 1.46084463 13.57700373 8.59 0.0067
36 3.12148167 1.08355232 13.12023942 8.30 0.0075
MSR4 0.17128429 0.0752386S 8.19360575 5.18 0.0307
PSR8 0.06498367 0.02357144 7.63458628 4.83 0.0364

The SAS System 16:49 Thursday. July 12. 1990
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Bounds on condition number: 91.40499, 1036.919

All variables left in the model are significant at the 0.1000 level.

Sumary of Backward Iimloation Procedure for Dependent Variable nSRtI1

Variable Number Partial model
Step Removed In 11e2 t8*2 C(p) f Prob)f

1 MS33 17 0.0008 0.6642 17.0431 0.0431 0.8381
2 MONTH 16 0.0010 0.6632 15.0924 0.0521 0.8221
3 SR12 15 0.0029 0.6603 13.2408 0.1650 0.6891
4 "Ste 14 0.0041 0.6562 11.4487 0.2411 0.6286
S H"Rl 13 0.0011 0.6521 9.6543 0.2475 0.6240
6 Ma12 12 0.0037 0.6484 7.8437 0.2359 0.6320
7 689s 11 0.0031 0.6453 6.0011 0.2029 0.4566
8 S610 10 0.0081 C.6372 4.4128 0.S489 0.4660
9 "S113 9 0.0047 0.6325 2.6508 0.3232 0.5748

10 H837 8 0.0103 0.6222 1.1719 0.7265 0.4018
11 "Mts 7 0.0334 0.5868 0.8667 2.3867 0.1340
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